“ 


SEP 2 1932 


VOLUME 25 NUMBER 3 


——— 








ARCHIVES OF SURGERY 


rod 


EDITORIAL BOARD 


DEAN LEWIS, Baltimore 
EVARTS A. GRAHAM, St. Louis WALLACE I. TERRY, San Francisco 
HUGH CABOT, Rochester, Minn. WILLIAM DARRACH, New York 
EDWARD STARR JUDD, Rochester, Minn. 


SEPTEMBER, 1932 


PUBLISHED MONTHLY BY AMERICAN MEDICAL ASSOCIATION, 535 NORTH 
DEARBORN STREET, CHICAGO, ILLINOIS. ANNUAL SUBSCRIPTION, $8.00 





Entered as Second-Class Matter, July 10, 1925, at the Postoffice at Chicago, Illinois, Under the Act 
of March 3, 1879. Acceptance for mailing at special rate of postage provided for in 
Section 1103, Act of Oct. 3, 1917, authorized July 29, 1920. 





CONTENTS OF PREVIOUS NUMBER 





AUGUST, 1932. NUMBER 2 


Pulmonary Abscess. John L. Yates, M.D., 
Milwaukee. 


Transperitoneal Seminal Vesiculectomy. Sey- 
mour F. Wilhelm, M.D., New York. 


Congenital Malformations of the Hands (Con- 
cluded). Allen B. Kanavel, M.D., Chicago. 


Tumors of the Small Intestine (Concluded). 
Theodore S. Raiford, M.D., Baltimore. 


Sudden Decompression of the Chronically Dis- 
tended Urinary Bladder: A Clinical and 
Pathologic Study. C. D. Creevy, M.D., 
Minneapolis. 


Improved Thyroidectomy Technic, with Special 
Reference to the Consideration of the Results 


e 
of Eliminating Drainage in a Series of 1,200 
Cases. Joseph L. DeCourcy, M.D., Cincinnati, 


Gastric Acidity with Special Reference to the 
Pars Pylorica and Pyloric Mucosa: An Ex- 
perimental Study. James T. Priestley, M.D., 
and Frank C. Mann, M.D., Rochester, Minn. 


A Review of Urologic Surgery (Concluded). 
Albert J. Scholl, M.D., Los Angeles; E. Starr 
Judd, M.D., Rochester, Minn.; Linwood D. 
Keyser, M.D., Roanoke, Va.; Jean Verbrugge, 
M.D., Antwerp, Belgium; Adolph A. Kutz 
mann, M.D., Los Angeles; Alexander B. 
Hepler, M.D., Seattle, and Robert Gutierrez, 
M.D., New York. 





Copyricnut, 1932, sy THe AMERICAN MEDICAL ASSOCIATION 








ARCHIVES OF SURGERY 





- SEPTEMBER, 1932 Numexe 3 


GASTRIC SECRETION 


\ TRANSPLANTED SUBCUTANEOUS GASTRIC POUCH 


EUGENE KLEIN, M.D. 
AND 
ERNEST ARNHEIM, M.D. 


NEW YORK 


Most of the mechanism of the secondary phase of gastric secretion 
still remains a fascinating mystery. One knows the site of origin of 
the secretory stimulus and something of its transmission to the secreting 
cells, but that is nearly all. Yet this phase of secretion is of great impor- 
tance not only to the physiologist, but to the surgeon, for it plays an 
important part in the results obtained following modern surgical pro- 
cedures on the stomach. 

There are three stages of gastric secretion, the primary, the sec- 
ondary and the intestinal. The primary is also known as the vagal, 
the psychic or the cephalic. Its purpose is to stimulate the Jow of 
gastric juices so that they can act on the food and by digestion produce 
chemical substances that initiate and carry on the second phase. The 
primary phase follows a psychic or sensory stimulus, such as the thought 
of food or seeing, smelling, tasting or chewing food. In different per- 
sons there are variable responses, some people tending to have a con- 
sistently high rate of secretion and others a low one. The secretory 
response also varies at different times in the same person. In hunger 
it tends to be large, and in satiety, small or absent. There is a latent 
period of about five minutes before the secretion commences, and it 
persists for from one to three hours after the end of the stimulus. The 
secretory impulse is transmitted to the stomach over the vagi. Experi- 
mental section of these nerves permanently abolishes it. To recapitulate, 
the mechanism of the primary phase is neurogenous, the afferent 
channel commencing at one of the sensory organs, such as taste, and 


the effer ; ; 
he etterent pathway being the vagi. 


THE SECONDARY PHASE OF GASTRIC SECRETION 


ihe Stimulating Substances—The secondary secretion begins after 
‘ood enters the stomach. The stimulus for this phase is almost entirely 


iemical. Among the chief chemical stimulants are the end-products of 
in digestion, meat extracts, vegetable juices and water; also the 

the service of Dr. A. A. Berg and the Department of Laboratories 
Mount Sinai Hospital. 
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saliva, the bile and the pancreatic juice. It is therefore seen that the 


secretion resulting from the primary phase by digestion of meat and 
other foods liberates products that furnish the stimulus for the secondar 


phase. Furthermore, substances present in the gastro-intestinal tract 
that can readily reach the stomach (such as saliva, by swallowing, and 
bile and pancreatic secretion, by regurgitation) may also produce the 
secondary secretion. But the manner of action of these chemical 
excitants has not been cleared up, although a great deai of knowledge 
on the subject has been accumulated. 

The Site of Stimulation—The glands secreting acid and pepsin are 
situated in the body and fundus of the stomach, constituting about the 
proximal four-fifths. The antrum or distal fifth secretes an alkaline 
mucus and possibly a weak proteolytic ferment. One would expect 
that the chemical stimuli for the secondary phase would act on that 


DUODENUM PAVLOV 


ABDOMINAL WALL POUCH 


~ wer 


Fig. 1—Type of stomach prepared by Gross (Arch. f. Verdauungskr. 12:57 
1906). 


portion of the stomach that contains the acid and peptic cells. Yet 
experimental findings show that this is not true. A dog’s stomach pre- 
pared according to the manner illustrated in figure 1 shows the follow- 
ing: (1) a Pavlov pouch! from which the secretions are collected, 
(2) a separation of the antrum from the body and the fundus and 
(3) fistulas into the duodenum and into the fundus. When the animal 
is not used experimentally these fistulas are connected externally by a 
rubber tube and form an external gastroduodenostomy passage. li 
any of the usual chemical excitants, such as meat or meat extracts, are 

1. A Pavlov pouch is one prepared from the greater curvature of the stomach 
in such a way that only a mucous membrane septum separates it from the interior 
of the stomach. It reflects the secretory activity of the stomach and through a 
fistula opening on the exterior permits the collection of pure gastric juice without 
admixture of food. 
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in the fundus of such an animal, secretion of acid or pepsin 


_——— 
placed 


ines not follow.* Chemical stimulation of the body and fundus does 


not produce the secondary secretion. 


If. on the other hand, a dog is prepared as shown in figure 2, quite 
different results may be obtained. Here (1) the antrum has been sepa- 
rated from the body of the stomach and, from the duodenum and the 
intral pouch, communicates with the exterior by means of a fistula, 
and (2) another fistula has been made into the body of the stomach. 
[he continuity of the gastro-intestinal tract has been reestablished by 
, gastro-enterostomy. If chemical excitants are placed in the pyloric 
part secretion results.* The chemical stimulus for the secondary secre- 
tion, therefore, acts through the antral portion of the stomach. 

The natural question, of course, is, how is the stimulus transmitted 
from the antrum to the cells of the body and fundus? There are two 


MUCOUS MEMBRANE 


stati GASTRIC 


FISTULA 


FISTULA 


5 


‘ig. 2—Type of stomach prepared by Sawitsch and Zeliony (footnote 3, first 


reference ) 


possible ways: (1) through the nerves and (2) through the blood 
stream. 

Possible Nerve Channels—There is no definite proof that the 
Vagi transmit secretory stimuli from the antrum to the fundus. There 
is, however, evidence that normal vagi are necessary for a normal 

2. Gross, W.: Beitrag zur Kenntnis der Sekretionsbedingungen des Magens 

Versuchen am Hund, Arch. f. Verdauungskr. 12:507, 1906. Zeliony, G. P.: 

ribution a la physiologie des glandes stomacales, Arch. d. sc. biol. 17:425, 1913. 

Sawitsch, W., and Zeliony, G.: Arch. f. d. ges. Physiol. 150:128, 1913. 


T 
quist 
ISL 


B.: Beitrage zur Kenntnis der Magensaftabsonderung, Skandinav. 
\rch. f. Physiol. 18:194, 1906. Gross (footnote 2, first reference). Ciminata, A.: 
La secrezione del fundus delle stomacho provocata da stimoli chimici applicati sulla 
mucosa della pars pilorica, Arch. di fisiol. 28:221, 1925. Lim, R. K. S.; Ivy, A. C., 
| McCarthy, I. E.: Contributions to the Physiology of Gastric Secretion by 

| (Mechanical) and Chemical Stimulation, Quart. J. Exper. Physiol. 15:12, 
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secondary secretion. Thus, section of both vagi not alone abolishes th 
entire primary secretion, as was mentioned, but also markedly diminishes 
the secondary secretion. This is shown in the experiments of Orbelj‘ 


He prepared a dog with a Pavlov pouch and a gastric fistula. Food 
was placed directly in the stomach through the fistula in order to elimi- 
nate the primary phase of secretion. The secretion recovered from the 
*avilov pouch was therefore due entirely to the secondary phase. Then 
the vagi were sectioned and the same experiment was performed, 
There followed a marked reduction in the quantity of the secretion. The 
reason for this drop is not clear. The possible explanations would 
appear to be (1) that part of the secondary stimulus from the antrum 
to the secreting cells of the fundus reaches these cells over the vagus 
nerves, (2) that the secondary secretion is chiefly humoral, but that the 
chemical excitants in the blood act partly on the vagus nerve endings, 
or (3) that the vagus nerve maintains a state of trophic tone in the 
secretory cells which is necessary for their best function. At any rate, 
we may say that the intact vagus nerve appears to be necessary for th 
proper maximum function of the secondary phase. 

But it will be noted that, even after the section of the vagi, the 
secondary phase persisted, and this suggests, of course, that a stimulating 
substance is carried through the blood from the antrum to the fundic 
glands. Can such a substance be demonstrated in the blood stream? 

The earliest experiments to determine the presence of a humoral 
stimulant were performed by Edkins. They were suggested by the 
fact that a pancreatic secretin was absorbed into the blood stream from 
the intestine and carried to the pancreas. Edkins* reported that an 
extract could be prepared from the antrum of the stomach, which after 
intravenous injection produced a gastric secretion. He called this sub- 
stance gastrin. There followed a large series of experiments by a num- 
ber of observers showing that extracts not only of the stomach but of 
the intestine and of other organs produced a secretion from the stomach 
after subcutaneous, intramuscular and intravenous injections.*® 


4. Orbeli, L. A.: De l’activité de glandes 4 pepsine avant et aprés la section 
des nerfs pneumogastriques, Arch. d. sc. biol. 12:71, 1906. 

5. Edkins, J. S.: The Chemical Mechanism of Gastric Secretion, J. Physiol 
34: 133, 1906. 

6. Popielski, L.: Ueber die physiologische Wirkung von Extrakten aus samt- 
lichen Teilen des Verdauungskanals (Magen, Dick- und Diinndarm), sowie des 
Gehirns, Pankreas und Blutes und iiber die chemischen Ejigenschaften des darin 
wirkenden Kérpers, Arch. f. d. ges. Physiol. 128:191, 1909. Maydell, .E. Zur 
Frage des Magensekretins, Arch. f. d. ges. Physiol. 150:390, 1913. Keeton, R W., 
and Koch. F. C.: The Distribution of Gastrin in the Body, Am. J. Physiol. 37:48! 
1915. Tomaszewski, Z.: Ueber die chemischen Erreger der Magendriisen, Arch 
f. d. ges. Physiol. 170:260, 1918. Popielski injected extracts from gastro-intestinal 
and other organs intravenously. Maydell injected antral extracts subcutaneous!) 
Keeton and Kock found extracts of the stomach and duodenum to be potent 
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[hese experiments show without question that tissue extracts of 
many kinds, injected parenterally and reaching the stomach through the 
bloc .d stream, produce gastric secretion. However, it does not neces- 
sarily follow that such a mechanism is involved in normal gastric 
digestion.’ 

In order to throw more definite light on this subject, Lim,’ and 
later Ivy ° and his co-workers, performed cross-circulation experiments, 
in which the blood of a fed animal was carried over into a hungry one. 
They could not demonstrate to their satisfaction that gastric secretion 
resulted in the second animal. But Rasenkow,’® using a different trans- 
fusion technic, was later able to show that substances that stimulate 
the stomach to secrete both hydrochloric acid and pepsin can thus be 
transmitted. 

About the same time, Ivy and Farrell’ succeeded in transplanting 
into the mammary gland a pouch prepared from the greater curvature 
of the stomach. The operation was done in two stages. In the first, 
the pouch was sewed into a bed prepared in the mammary gland, and 
the blood vessels to the pouch were left intact. From two to four 
weeks after the first operation, the blood vessels were severed. In this 
way they obtained a pouch with the extrinsic nerves completely severed 
and with a new peripheral circulation. They were able to show that 
after a meal secretion was produced in the pouch. The stimulus could 
have reached tHe pouch only through the blood. 

There is therefore definite evidence that following the ingestion of 
food some substances are transmitted through the blood stream to the 
fundic glands and produce gastric secretion. It has been shown in the 


foregoing statements that the site of stimulus for the gastric or sec- 


7. There are several theories that assume that substances produced in the 
tissues of the body are responsible in part for gastric secretion. Thus Bickel 
Ergebn. d. Physiol. 24:228, 1925) expressed the belief that a continuous secretion 
would occur because of these substances, but that inhibitory impulses through the 
nerves interrupt it. Krimberg (Biochem. Ztschr. 157:187, 1925) advanced the 
theory that products of muscular metabolism and also of other organs act as 
secretory hormones. Ordinarily these hormones do not reach the cells because of 
nervous interference. When this is removed, secretion results. 

8. Lim, R. K. S.: A Method for Recording Gastric Secretion in Acute Experi- 
ments on Normal Animals, Quart. J. Exper. Physiol. 13:71, 1922. 

9. Ivy, A. C.; Lim, R. K. S.; McCarthy, J. B., and Farrell, J. I.: The Causes 
of Gastric Secretion with a Consideration of the Mechanism Concerned, Am. J. 
Physiol. 72:203, 1925; 74:616, 1925. 

10. Rasenkow, I. P.: The Mechanism of the Second Phase of Gastric Secre- 
tion, Arch. di sc. biol. 25:27, 1925; quoted by Babkin, B. P.: Die Aeussere 
Sekretion der Verdauungsdriisen, ed. 2, Berlin, Julius Springer, 1928, p. 343. 

ll. Ivy, A. C., and Farrell, J. I.: Contributions to the Physiology of Gastric 
Secretion, Am. J. Physiol. 74:639, 1925. 
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ondary secretion is the antrum. It is evident, therefore, that these 
humoral substances are either absorbed through or created in the 
antrum. 

EXPERIMENTS 


Method.—As a preliminary to the preparation of a modified pouch which will 
be reported later, several dogs were prepared by us in our laboratory with pouches 
similar to those used by Ivy and Farrell.1! The latter had used lactating animals 
in order to transplant the pouches into a vascular mammary gland. As such 
animals were not readily available, an attempt was made to transplant the 
pouches into the abdominal wall. These efforts were successful. Varioys 
layers were tried, but it was found that the subcutaneous was best. A _ portion 
of the stomach along the greater curvature from 4 to 5 inches (10.16 to 12.7 cm) 
long and from 1% to 2 inches (3.77 to 5 cm.) wide was cut through (fig, 3). 


To this portion were usually attached three or four of the vasa brevia. The 


cut edges of the excised portion were approximated, a small opening being left 


_ baste Pouch 
, Brevia 


Opening 


Fig. 3—Manner of preparation of the gastric pouch from the body and fundus 


at the distal end which served as the opening of the pouch. The cut edges 
of the stomach were of course also approximated. The sac was then brought 
out of the wound, and the peritoneum and fascia were closed, except at the 
center, where a small opening was left through which passed the blood vessels 
supplying the sac. A space was prepared in the subcutaneous tissues large 
enough to accommodate the sac. A stab wound was made to the left of the 
incision, and through it the opening of the sac was drawn out. The sac was 
sutured to the subcutaneous tissues, as one of the difficulties encountered was its 
tendency to turn itself inside out. 

From three weeks to three months after the first operation, the vessels to the 
pouch were severed through an abdominal incision on the inner side of the pouch 
The longer the period permitted for the collateral circulation to establish itself, 
the better were the results obtained. The findings in three dogs 12 are reported 
in tables 1, 2 and 3. 


12. A larger number of animals were prepared, but owing to an epidemic ol 
distemper some of them were lost. It may incidentally be added that since the 
use of distemper virus on all dogs we have lost only one because of this diseas¢ 
The virus was furnished us through the kindness of Mr. Edwin Berolzheimer 
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Results Following the severance of the blood vessels to the pouch 
there is little or no continuous secretion, at the most from 0.2 to 0.3 cc. 


ner hour. This secretion is thick mucus with no free, and a very low 
total, acidity. 

Two hundred grams of meat and 200 cc. of water were used as < 
meal to stimulate gastric secretion. Following such a meal there is 


TABLE 1—Response of Transplanted Pouch in Dog 30 Before Severing Blood 
Vessels to Pouch 


Quantity, Free Acidity,* Total Acidity,* 

Time Ce. Ce. Ce. 

First hour 

Second hour 

Third hour : 
Fed 200 Gm. 

Fourth hour 

Fifth hour 

Sixth hour 

Seventh hour 


0 
0 
0 


First hour a ‘ 
Fed 200 Gm. meat ane 

Second hour . 

Third hour 

Fourth hour 

Fifth hour 


*In all the tables, free and total acidity are expressed in the number of centimeters of 
tenth-normal sodium hydroxide necessary to neutralize 100 cc. of gastric secretion. Toepfer 
solution and phenolphthalein were used as indicators. 


TaBLeE 2.—Response of Transplanted Pouch in Dog 52 Before Severing Blood 
Vessels to Pouch 


Quantity, Free Acidity, Total Acidity, 
Time Ce. Ce. Ce. 
First hour — ‘ . . cata 0.6 0 
Second hour «en . ee ee ee 0.5 0 
Third hour : : e's sateen 0.5 0 
Fourth hour : : 
Fed 200 Gm. meat and 200 cc. water 


th hour hen L 235 


i 
Sixth hour aiereis ‘ : — ’ 50 
Ss 


venth hour ‘ : J 58 
ghth hour . eee : 64 
Seventeen Days After Severing Blood Vessels 


t, second, third and fourth hours 0 
Fed 200 Gm. meat and 200 ce. water 
hour ; : 

th hour 
th hour 


1 
| 
| 


definite response from the pouch. After the blood vessels to the pouch 
were divided there was a decided drop in the quantity of secretion and 
in the acidity, both free and total. As Ivy and Farrell‘! pointed out, 
the quantity of the secretion seems to be affected to a more marked 
legree than the acidity. This reduction may be ascribed to a diminished 
blood supply or to the severing of the sympathetic nerves running with 


blood vessels or to both. 
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In these dogs free acid appeared within the first hour after feeding 
showing that the latent period is little if at all prolonged. In the dogs 
of Ivy and Farrell,"* the latent period was much longer, often severaj 
hours. The difference is possibly due to the facts that a better collatera] 


TABLE 3.—Response of Transplanted Pouch in Dog 60 Before Severing of B 
Vessels to Pouch 


nd 
G 








Quantity, Free Acidity, Total Acidity, 
Ce. Ce. Ce.” 


Time 
First hour S; 0 
Fed 200 Gm. meat and 200 ec. water 
Second hour 3.5 82 
Third hour a 123 
Fourth hour 3.6 125 
Fifth hour 5. 119 


9R 


First hour 

Fed 200 Gm. meat and 200 ce. water 
Second hour 
Third hour 
IE is nin alptientad eeu ae oko aamads , 
Fifth hour .. 


TABLE 4.—Response of Transplanted Gastric Pouch to Histamine in Dog 32 
After Severing Blood Vessels, Feb. 28, 1929 


Total 
Quantity, Acidity, Acidity, 
Time Ce. Ce. Ce. Comment 


Test July 24, 1929 
0.2 mg. histamine 
First hour 15 
Second hour ’ 10 2: 
Third hour......... : 0 : Mucus 
Fourth hour 0 ‘ Mucus 
Fifth hour......... 0 Mucus 


Aug. 1, 1929 
0.2 mg. histamine 
First hour 0 
Second hour 0 2: 
Third hour......... : 0 f Mucus 
Fourth hour 0 Mucus 
Fifth hour 0 Mucus 


April 14, 1930 
0.5 mg. histamine 
First hour ,f 3: 60 Latent period, 15 minutes 
Second hour f 2 50 
Third hour......... . 10 
Fourth hour y Combined pepsin of al! tubes 
Fifth hour ‘ 5 mm. (Mett tube) 


April 30, 1930 
0.5 mg. histamine 
First hour 
Second hour 
Third hour......... 
Fourth hour 
Fifth hour 
Sixth hour 


0 10 Latent period, 17 minutes 
50 73 : 
90 105 Combined pepsin of all san 
50 65 ples 5 mm. (Mett tube) 

0 30 

0 15 


osooor:e 
Go im bo im Oo bo 


circulation had been established in our dogs and that more blood 
reached the pouch. The quantity of the secretion is smallest in the first 
hour and then increases, usually reaching its maximum in the third hour. 

Response to Histamine.—In table 4 is shown the response of a 
pouch to histamine after complete severance from the stomach of nerves 
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od vessels. As little as 0.2 mg. is at times sufficient to evoke 
retion. Five-tenths milligram always evokes it. The latent period 

vith the latter dose is between fifteen and twenty minutes, which is 
Jmost normal. Ivy found the latent period to be much longer. Again 
ve feel that this difference is due probably to a better blood supply for 
pouches. The response to histamine is over in from three to four 
[he significance of these results is that it is again shown that follow- 

» a meal substances are passed into the blood stream that stimulate 
he gastric secretion of both hydrochloric acid and pepsin. These sub- 
tances are responsible for at least part of the secretion of the secondary 


- gastric phase, and they act in the absence of the entire extrinsic 


nerve supply. The evidence for the belief that they reach the blood 
‘om the antral portion of the stomach has already been presented. 

The nature of these substances is not clear. There are two chief 
theories: 1. A secretin or hormone is formed in the antrum which is 
then liberated into the blood stream. This would correspond with the 
secretin formed in the small intestine, which is carried to the pancreas. 
2. The substances that are responsible for stimulation are chemical 
products either contained in the fvod or formed during digestion and 
ibsorbed through the antrum into the blood stream. They are perhaps 
similar in nature to histamine. While Ivy’s results may have been 
interpreted in favor of a hormone because of the long latent period, 
the practically normal period in our dogs shows that this argument 
cannot be advanced. 

The question as to the site of action of the humoral stimulant is 
also left unanswered. Does it act on the intrinsic plexuses or directly 
on the cells? This problem will be taken up in a subsequent paper. 


SUMMARY 


1. A gastric pouch transplanted into the subcutaneous tissues of the 
bdominal wall is described. 

2. It is not necessary to use the lactating mammary gland, as Ivy 

Farrell recommended, since an adequate blood supply is developed 
in the subcutaneous tissues. 

3. Such pouches respond to the stimulation of a meal by the secre- 
tion of hydrochloric acid and pepsin. Free acid was present within the 
first hour. 

+. Histamine in doses of 0.5 mg. or more always produces a secre- 

n after a latent period of between fifteen and twenty minutes. 


5. The results of these experiments are added proof that a stimulant 
is carried to the gastric glands through the blood stream. 
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II. STUDIES IN A TRANSPLANTED GASTRIC POUCH WITHOUT 
AUERBACH’S PLEXUS 


SUGENE KLEIN, M.D. 


NEW YORK 


In a previous paper? the mechanism of the gastric phase of secre- 
tion was discussed. Following the ingestion of certain food substances, 
such as meat, a humoral stimulant of gastric secretion appears in the 
blood stream. This stimulant is either a product of food digestion and 
is absorbed through the antrum or a hormone prepared by the antral 
cells and then liberated into the blood. At any rate it is the antrum, 
approximately the distal fifth of the stomach, which is involved in this 
mechanism. The humoral stimulant is then carried to the glands of the 
fundus, and there produces secretion. Neither the vagus nor the 
splanchnic nerves are necessary for this mechanism, for in a trans- 
planted pouch made from the fundus of the stomach, the secretion still 
takes place. In such a transplanted pouch there are two possible sites 
on which the stimulant may act: (1) the intrinsic gastric plexuses and 


(2) the gastric secretory cells themselves. In the present paper we shall 
discuss the results obtained from a transplanted gastric pouch that has 
been deprived of Auerbach’s plexus. 


THE RELATION OF THE EXTRINSIC NERVES TO AUERBACH’S PLEXUS 

In the ordinary motor reflex, three nerve cells are involved: (1) 
the afferent nerve which terminates around a cell in the posterior horn, 
(2) a connector nerve which runs from this cell to a nerve cell in the 
anterior horn and (3) the nerve fiber which runs from the anterior horn 
to the muscle (fig. 1). In the case of the sympathetic nervous system 
(fig. 1), the afferent nerve runs, as described, in the posterior root into the 
cord. The second or connector nerve fiber does not pass to a cell within 
the spinal cord, but passes out through the anterior roots in the thoraco- 
lumbar portion of the spine to a number of ganglions situated on either 


From the Service of Dr. A. A. Berg and from the Department of Labora- 
tories of the Mount Sinai Hospital. 

1. Klein, Eugene, and Arnheim, Ernest: Gastric Secretion: I. Studies in a 
Transplanted Gastric Pouch with Auerbach’s Plexus Removed, Arch. Surg., this 
issue, p. 433. 

2. Ivy, A. C., and Farrell, J. I.: Contributions to the Physiology of Gastric 
Secretion: VIII. The Proof of a Humoral Mechanism, Am. J. Physiol. 74:639 
1925. Klein and Arnheim (footnote 1). 





A 


‘ig. 1.—The reflex paths in the cord: A, those of the voluntary nervous system. 
The receptor neurons lie in the posterior root, their cells lying in the posterior 
root ganglion, P. R. G. The connector neurons lie in the dorsal horn, D. H., the 
processes of which run in the anterior root. B, those of the involuntary nervous 
system. The receptor neurons run in the posterior root, their cells lying in the 
posterior root ganglion, P. R. G. The connector neurons lie in the lateral horn, 

H., their processes running out in the anterior root and connecting, as the 
white ramus communicans, with the excitor neurons lying in the sympathetic 
ganglion, Sy. G. The processes of the excitor neurons form the gray ramus 
communicans, and run out in the spinal nerve (from Gaskell, W. H.: The 
Involuntary Nervous System, New York, Longmans, Green & Company, 1916). 


D.N.X. 


Xx 


A-P. 


ig. 2—The reflex paths of the parasympathetic in the bulbar region. The 


tor neurons run in the tenth nerve, X, with their cells in the ganglion of 
nerve, 1’, G., and connect with connector neurons that lie in the dorsal nucleus 
vagus, ). N. X. The processes of these connector neurons run out in the 

agus nerve, X, and finally connect with the excitor neuron which lies on some 
peripheral organ, e. g., in the case of the stomach lying in Auerbach’s plexus 
trom Gaskell, W. H.: The Involuntary Nervous System, New York, Longmans, 


reen. & Company, 1916). 
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side of the vertebral column and on either side of the aorta. 


‘| he third 
nerve fiber starts from cells in these ganglions and runs to the periph- 


eral organ, such as the stomach. ‘The latter fiber is known as the 
postganglionic. In the case of the parasympathetic nervous system 
(fig. 2), there is again first the primary afferent sensory stimuli. Then 
the vagus nerve carries the second or connector fibers to the cells oj 
Auerbach’s plexus. In this plexus, the third group of fibers arises from 
the ganglion cells, and the fibers pass to the tissues, which they innervate, 
In this case these are the postganglionic fibers. This plexus is situated 
between the inner and outer muscular coats of the stomach and intestine. 
Most of the fibers in it are derived from the vagus nerves, for if the vagi 
are sectioned and the plexus is examined after degeneration has taken 
place, the interlacing meshwork of fibers is nearly all gone, and only the 


local ganglion cells and their processes remain.’ 


PREPARATION OF THE SAC 


It is possible to peel away both muscular coats from the submucosa.  Sinc 
Auerbach’s plexus, as has been stated, is situated between the circular and longi- 
tudinal muscle layers, it will be removed at the same time. Utilizing this fact, a 
pouch was prepared along the greater curvature. As the blood vessels enter along 
the greater curvature and pass almost directly to the submucosa, it is possible t 
do this without depriving the pouch of its blood supply. After the muscle was 
peeled away, the submucosa was further scraped with a scalpel to make sure that 
all muscular fibers had been removed. Sections were then taken both of the 
muscular coat and of the pouch wall consisting of the mucous membranes and sub- 
mucosa to verify the fact that Auerbach’s plexus had been removed (figs. 3 and 4 
This pouch was placed in a prepared space in the subcutaneous tissues, its blood 
vessels reaching it through a small opening left in the peritoneum and fascia. 
After a period of from five to six weeks, these blood vessels to the pouch were 
severed through an abdominal incision. The final result then was a subcutaneous 
gastric pouch consisting of mucous membrane and submucosa completely cut off 
from the vagus and splanchnic nerves and with an entirely new blood supply from 
the abdominal wall. Unlike the other forms of gastric pouches, such a pouch 
does not empty itself, because the muscular coats have been removed and the 
muscularis mucosae does not possess sufficient contractile power to express the 
contents. Incidentally, it may be stated that following the peeling away of the outer 
muscular coats, the rugae disappear from the mucous membrane. This subject 
will be discussed in a subsequent paper. 


METHODS 


In the present paper the results in three dogs are reported. No food was 
allowed for twenty-four hours. A tube was then inserted into the sac, and the 
contents were carefully expressed. The tube was removed and reinserted the 


3. Johnson, S. E.: Experimental Degeneration of the Extrinsic Nerves of th 
Small Intestine in Relation to the Structure of the Myenteric Plexus, J. Comp 


Neurol. 38:299, 1924-1925. 
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following hour, when the contents were again expressed. Since the sacs did not 
empty themselves during the hour, none of the fluid escaped. The dog was then 
fed 200 Gm. of meat and 150 cc. of water. The contents were collected each hour 
for the length of time shown in the tables. When tests for the presence 

spontaneous secretion were desired, the procedure was carried out for several 
hours, except that no food was administered. Tests for acid were made } 
titrating the secretion with tenth-normal sodium hydroxide, using Toepfer reagent 
as indicator for free hydrochloric acid and phenolphthalein for total acid. The 
results are expressed in the usual manner, namely, the number of cubic centimeters 
ot tenth-normal sodium hydroxide neutralized by 100 cc. of the gastric juice. 

To bring all figures to a common denominator, total chlorides have bee: 
expressed in the same way, that is, as cubic centimeters of tenth-normal solution 
To convert total chloride figures to milligrams of chlorine per hundred cubi 
centimeters, multiply them by 0.00355. To convert free hydrochloric acid to milli- 


grams of hydrochloric acid for 100 cc., multiply by 0.00365. 


TABLE 1.— Dog 84, with Transplanted Gastric Pouch Without Auerbach’s Plexus 
Before Gastric Blood Vessels Were Divided. Fed at the Beginning of the 
First Hour (for Description of Methods See Text) 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 
Hour Juice, Ce. chlorie Acid chlorie Acid Chloride Mett Mucus, 


1 4.0 3 nO 128 256 
2 4.3 5a 75 136 576 
140 576 

95 140 576 


The presence of pepsin was determined by Mett tubes. One cubic centime‘er 
of the pouch secretion was diluted sixteen times with twentieth-normal hydro- 
chloric acid. The number of millimeters digested was squared and multiplied 
by 16. 

Mucus is described as a trace or as the relative volume of mucus to the total 


volume of secretion in each sample collected. 


EXPERIMENTAL WORK 


Protoco. 1.—Dog 84, female, had the first operation performed on Jan. 13 
1931. This consisted in the preparation of the sac and its implantation into th 
subcutaneous tissues. The blood supply was left intact. The results of the first 


test done on January 21 are given in table 1. It is probable, of course, that some 
sympathetic nerves still reached the pouch along the blood vessels in the sub- 
mucosa. The results do not differ much from those in the ordinary Haidenhai 


pouch. 
On February 17, the blood vessels to the pouch were severed. Tables 2 and 


show the tests done following this procedure. There was a drop in the quant 
of secretion, the free hydrochloric acid disappeared, the total hydrochloric ac! 


tot 


was reduced, and the pepsin was moderately reduced. The total chloride secret 


remained practically unchanged. There was a marked increase in the amount 0! 


mucus secreted. 
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about a month all tests showed similar results. Then there was a gradual 
pearance of hydrochloric acid. Five weeks after the test shown in table 3, 
vas a good response of free hydrochloric acid to the test meal, as shown in 


The quantity of secretion was increased. The free acid was quite high. 


Dog 84, Four Weeks After Severing Gastric Blood Vessels. 
Fed at Beginning of First Hour 


Volume of Free Hydro- Total Hydro Total 
Juice, Ce. chlorie Acid chlorie Acid Chloride Mucus 
5 160 Heavy trace 
142 Heavy trace 
Heavy trace 
Heavy trace 
Heavy trace 


Taste 3.—Dog 84, Five Weeks After Severing Gastric Blood Vessels. 
Fed at Beginning of First Hour 


Volume of Free Hydro- Total Hydro- Total Pepsin, Volume of 
Juice, Ce. chlorie Acid ehlorie Acid Chloride Mett Mucus, % 


35 142 256 50 
134 256 25 
130 ere 100 
126 eos 100 
130 area 100 


—Dog 84, Ten Weeks After Severing Gastric Blood Vessels. 
at Beginning of First Hour 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 
Juice, Ce, chlorie Acid chlorie Acid Chloride Mett Mucus, % 
23 5 148 288 Trace 

152 448 0 

152 400 5 

156 256 Heavy trace 
160 288 Trace 
156 10 

152 256 0 


156 ee 20 


‘Mucus was diminished in quantity. The secretion of pepsin was increased. The 
tal chlorides were slightly increased. 
l-} c ; > . ; “— , 
lable 5 shows the results of a test for spontaneous secretion. Neither food 


other stimulus was administered. Under such conditions, secretions could 


ilways be obtained in this dog. Free hydrochloric acid was present only 


such a test, table 6, but total acid was always present. There was 
7 —_<_ : - : ° 

ly a large amount of mucus. Pepsin was always present in every sample 
|. The total chlorides were within the same limits as after stimulation 
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Table 7 shows a test performed four and one-half months after th 
vessels of the sac were severed. It still responds readily to food stin 
To summarize, the important findings following the severance of th: 


supply to the sac were: (1) a drop in secretion and disappearance of f; 


Paste 5.—Dog 84, Ten Weeks After Severing Gastric Blood Vessel 


Spontaneous Secretion 


Volume of Free Hydro- Total Hydro Total Pepsin, 
Hour Juice, Ce. ehlorie Acid ehlorie Acid Chloride Mett 
1 ( 0 15 142 
, 0 1) 14s 
0 10 154 
) ?0 158 
0 25 148 


0 15 152 


Taste 6.—Dog 84, Three Months After Severing Gastric Blo 
Spontaneous Secretion 


Volume of Free Hydro Total Hydro Total Pepsin, 
llour Juice, Ce ehlorie Acid ehlorie Acid Chloride Mett 
l 1.1 i D2 | 
2 1.3 0 142 
1.2 4 o 
0.9 0 
0.7 ~ 


0.9 1? 


Dog 84, Four and One-Half Months After Severing Gastrii 
Vessels. Fed at End of First Hour 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 
Hlour Juice, Ce. ehlorie Acid chlorie Acid Chloride Mett Mucus, 


l 0.3 10 10 ‘ Trace 


Fed 200 Gm. of meat and 150 ce. of water 


00 1 
on 1 
l 


5) 
( 


7 415 


0 


ith Transplanted Gastric Pouch Without Auerbach’s Plea 
7 


Preparation of Pouch and Before Gastric Blood Vessels 
Divided. Fed at Beginning of First How 


Volume of Free Hydro Total Hydro Total Pepsin, 

Hour Juice, Ce ehlorie Acid ehlorie Aeid Chioricde Mett 
] oO 105 160 
100 11J lti4 
*) 0 166 
70 100 160 
> 110 16 


(2) a gradual increase in the secretory response to food with the reappeat 
of tree acid at the end of one month and a good response four months after 
sac was prepared; (3) the presence of pepsin in all samples examined, « 

the absence of free hydrochloric acid; (4) the presence of a continuous sect 


usually containing no free hydrochloric acid, but always containing combine 
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and (5) the total chlorides, whether free acid was present or not and 
secretion was in response to food or not, varied within fairly narrow 
the most part, they were between 138 and 152 tenth-normal hydro- 


2—Dog 90, female, had the first operation performed on March 27, 


first test is shown in table 8. One week later the secretion dropped 


D rg YU, / ourtcen Days d Ifter Preparation oy Pouch and Before Gastric 
Blood Vessels Were Divided. Fed at End of First Hour 


Volume of Free Hydro- Total Hydro- Total Pepsin, Volume of 
Juice, Ce chlorie Acid chlorie Acid Chloride Mett Mucus, % 


0 3S 33 
Fed 200 Gm. of meat and 120 ec. of water 
SS 9? 
O68 108 
110 
108 
116 


10 Dog 9, One Week After Severing Gastric Blood Vessels. Fed at 
End of First Hour 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 
Juice, Ce ehlorie Acid echlorie Acid Chloride Mett Mucus, % 
0 


Fed 150 Gm. of meat and 150 ec. of water 
i) 120 
115 
100 
115 
125 


Two and One-Half Months After Severing Gastric Blood 
Vessels. Fed at End of First Hour 


Volume of Free Hydro Total Hydro- Pepsin, Volume of 
Juice, Ce ehlorie Acid chlorie Acid Mett Mucus, %( 
0.1 0 100 

1) Gm. of meat and 150 ec. of water 
dO 80 100 
40 65 100 
$5 70 100 
4() 60 66 


45 100 
. 100 
40 100 
30 100 
30 100 


as shown in table 9. The blood vessels to the pouch were severed 


13. The first test was made one week after this procedure, and the 


are shown in table 10. Here again,there is a decided drop in the secretion, 


ly more marked in the volume than in the free and total acid. There 


ed a gradual drop in the secretion, so that on June 30, the results were as 


in table 11 


ntaneous secretion was irregularly present. It was usually small in quantity, 
not less than after the administration of meat. But free hydrochloric 
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acid was present only once, the amount of total acid was low, and mu 


present in large amounts. The results of a typical test are shown in tabl 

If these findings are summarized the results are: (1) an initial hypersecretion 
after preparation of the sac; (2) a drop in secretion after severing the blood 
vessels to the sac; (3) a spontaneous secretion not constantly present, small jn 
hgure 
for total acid (on one occasion, however, the total acid reached 75) ; (4) the presence 


of pepsin, and (5) definite secretory response to a food 
diminishing and then persisting at a low level. 


quantity, rich in mucus, only once containing free acid and with a very low 


stimulus gradually 


TABLE 12.—Dog 90, One and One-Half Months After Severing Gastri 
Vessels. Spontaneous Secretion 


Volume of Free Hydro Total Hydro- Volume of 
Hour Juice, Ce. ehlorie Acid chlorie Acid Mucus, 


0.0 100 
0.1 — 100 
0.15 40 100 
0.2 30 100 
0.4 40 100 


0.5 SO 100 


Dog 88, with Transplanted Gastric Pouch Without Auerbach’s Plexus 
Three Weeks . Ifter Preparation of Sac. Gastric Blood Vessels Not 
Divided. Fed at Beginning of First Hour 


Volume of Free Hydro Total Hydro- Total 
Hour Juice, Ce. cehlorie Acid chlorie Acid Chloride 
4 3 6? 162 


58 162 


638 156 
45 160 


] 

1.3 

1.2 60 156 
1.3 

1.7 


Dog 88, Four Weeks After Preparation of Sac. Gastri 
Vessels Not Divided. Fed at Beginning of First Hour 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 
Hour Juice, Ce, chlorie Acid ehlorie Acid Chloride Mett Mucus, 
1 3.9 55 95 148 288 0 
2 2.8 60 100 156 400 2 
0.7 30 70 156 256 i) 


0.9 25 60 148 144 0 
0.7 0 5D ae 256 


Protoco. 3.—Dog 88, male, had the first stage operation performed on Feb 
> 


26, 1931. In this dog, the blood vessels, that is, the original vasa brevia, were 
not subsequently severed. We therefore had a pouch without the vagi and with- 
out Auerbach’s plexus. It is possible that some of the sympathetic nerves passed 
with the vessels of the submucosa to the sac. 

Tables 13 and 14 show the findings on March 17 and on March 25. The 
results remained practically the same for about two months, and then there was a 
gradual increase in the amount of the secretion as shown in table 15. 
amounts varied, as is shown in table 16. 


Che total chlorides remained constant. Pepsin was present in all samples 


examined, but the later tests showed gradually diminishing concentration in spite 
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reasing volume of secretion already mentioned. The pepsin concentra- 
not seem to be higher than in the other dogs in which the gastric blood 
ere severed. 


ntaneous secretion was not present constantly, and when present was always 
table 17), but free hydrochloric acid was occasionally present and at times 


igh, reaching a figure of 85. 


te n 


Dog 88, Four Months After Preparation of Sac. Gastric Blood 
Vessels Not Divided. Fed at the End of the First How 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 
Juice, Ce, chlorie Acid chlorie Acid Chloride Mett Mucus, % 
0.4 ”) 50 ae he 100 

Fed 200 Gm. of meat and 150 ec. of water 
110 ay 2: Trace 
100 § 3 Trace 
S85 : , 20 
90 ~0 


95 oo 


Dog 88, Four and One-Half Months After Preparation of Sac. 
Blood Vessels Not Divided. Fed at the End of the First Hour 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 
Juice, Ce chlorie Acid ehlorie Acid Chloride Mett Mucus, % 
10 35 7S Trace 
Fed 200 Gm. of meat and 150 ec. of water 
70 100 ae Trace 
50 80 142 : Trace 
40) 60 142 Trace 
10 45 aio 33 
10 40 ee 100 
30 100 
15 ‘ 100 
20 2 ot a 100 
45 ee os 100 


17.—Dog 88, One and One-Half Months After Preparation of Sac. 
Gastric Blood Vessels Not Divided. Spontaneous Secretion 


Volume of Free Hydro Total Hydro Volume of 
Juice, Ce chlorie Acid chlorie Acid Mucus, % 
0 66 78 Trace 
0.1 0 te 100 
0.1 0 100 
vou 
0.1 { 100 


results of these tests showed: 


re was a response to food stimulus which slowly became more marked. 
al chlorides in all cases remained within narrow limits. 

psin was always present in any secretion, although in the later tests the 

ration was relatively low and never higher than in the pouches in which 

ia brevia were divided. 


\ 


spontaneous secretion was irregularly present but usually scant, although 


values in it were often quite high. 
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COMMENT 


1. Secretion in Response to Food.—Following the ingestion of meat 


and water, all of the pouches showed secretion of hydrochloric aci 
and pepsin from the pouch. In view of the fact that both the vagus 
and the plexus of Auerbach had been eliminated, it can definitely by 
said that a humoral stimulus for secretion may act in the absence of the 
preganglionic and postganglionic fibers of Auerbach’s plexus. — It is tru 
that Meissner’s plexus was still left in these pouches, but much con- 
fusion exists concerning this plexus. It has been ascribed to the 
sympathetic system * and is bound up with the tonus of the muscularis 
mucosae.* It therefore appears that the humoral stimulant acts directh 
on the secretory cells themselves or on the neurocellular substance: 
Tests with pilocarpine, a drug that stimulates the vagus system, ar 
being done and will later be reported. 

2. The Spontaneous Secretion—lIn dog &4, there was a spontaneous 
secretion which could be obtained almost constantly, and which con- 
tained fairly marked concentration of free hydrochloric acid. Pepsin 
was also present at all times. The quantity of the secretion was often 
as large as that obtained after food stimulation, but the acid concen- 
tration was lower. In dogs 90 and 8&8 a spontaneous secretion was 
present only at times and only occasionally contained free acid, but the 
free acid could reach high levels. 

The question as to whether there is spontaneous gastric secretion 
has long been troublesome. On the one hand, were Pavlov’s findings 
that there is no secretion without stimulation. On the other, was the 
undoubted presence of secretion in the stomach of man during long 
interdigestive phases. Secretion in the latter case and similar types of 
secretion in animals may be explained in large measure as cephalic in 
character and due to conditioned reflexes. The thought of food and 
its association with certain fixed times and places are enough to cause 
secretion. This secretion is of course transmitted through the vagus 
nerves. But is has also been known that in a Heidenhain * pouch a con- 


tinuous secretion may persist for a long time.“ In this type of pouch 


4. Langley, in Shaefer: Textbook of Physiology, New York, The Macmillan 
Company, 1900, vol. 2, p. 616. 

5. King, C. E., and Arnold, Llovd: The Activities of the Intestinal Mucosal 
Motor Mechanism, Am. J. Physiol. 59:97, 1922. 

6. Babkin, B. P.: 
Springer, 1928, p. 191. 


7. A Heidenhain pouch is made from a portion of the stomach that has been 
cut away along the greater curvature. The blood vessels attached to the part are 
left intact. The pouch is left in the abdominal cavity and communicates with the 
exterior through a fistula. 


8. Babkin (footnote 6, p. 357). 
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Jl of the vagus nerves are sectioned, although a few may reach 


uch by running through the omentum. 
rhe secretion has been explained by the assumption that a humoral 
ulus is present practically constantly in the blood stream. Bickel,’ 
stance, made use of that hypothesis, and assumed that this stimu- 


Krimberg 


is ordinarily inhibited by certain fibers in the vag}. sd 
so assumed the formation of a gastric secretin in the bodily tissues. 
here is a further possible explanation in the fact that saliva and pan- 
¢ secretion are known to be stimulants of the humoral or secondary 
They exert this influence from the stomach. 


— 
ohase of gastric secretion. 
However, if these hypotheses are true, it is not clear why a more marked 
secretion Was not present in dogs 90 and 8&8. It may be. that some 
known technical factor in the construction of the pouch interfered. 
secretion is present cannot, however, he gainsaid, nor could it 
e been due to a conditioned reflex acting on the sac, as no nerves 
reached it. Apparently, the secretion originated in the cells themselves 
was the result of a stimulus transmitted through the blood. 


’. Initial Hypersecretion—This phenomenon has been noted before 
may occur after operative procedures in the stomach, especially 


those injuring secretory nerves. It has been reported also as occurring 


iiter the preparation of Heidenhain pouches." 

+ Drop in the Secretion After Section of Blood Vessels to the 
Mt The second stage of the operation consisted, as has been 
stated, in dividing the gastric vessels, which had been left attached to 
the pouch until a new circulation in the abdominal wall had been estab- 
lished. After this procedure there was a drop in the volume and acidity 
the secretion. This can be seen in the results obtained for dogs 
d 90. The drop in volume is more striking than the drop in the 


idity. The same phenomenon was noted by Ivy and Farrell’? in 

ches transplanted into the mammary gland and in the pouches previ- 
usly reported.'* These pouches consisted of the entire gastric wall. 
e drop in pepsin is also not very marked. The drop in secre- 
be due to division of the blood vessels, to division 


l la 
both. Some 


sympathetic nerves accompanying them or to 
ers feel that the sympathetic nerve may be responsible for 

the gastric secretion. Bickel ® thinks that pepsin secretion is 

sickel, A.: Die nerv6se Mechanismus der Sekretion der Magendriisen und 
Muskelbewegung am Magendarm kanal, Ergebn. d. Physiol. 24:228, 1925. 

Krimberg, R.: Zur Frage nach der Bedeutung der Muskelhormone im 
nsprozessen der Verdauungsdrtisen, Biochem. Ztschr. 157:187, 1925. 
Babkin (footnote 8). 

and Farrell (footnote 2, first reference). 


\lein and Arnheim (footnote 1). 
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stimulated by the sympathetic, and Volborth and Kudryavzeff '* r: 
secretion in the whole stomach and in Heidenhain pouches after sym- 
pathetic stimulation by electricity. But most observers believe that t 
sympathetics are little if at all involved in the stimulation of fluid and 
hydrochloric acid secretion. Thus it seems most likely that the sudden 
diminution in the blood supply after severance of the vessels is responsi- 
ble for the drop. Obviously, less blood reaches the pouch through new 


blood vessels from the subcutaneous tissues than through the original 


Pinal 
blood vessels supplying the pouch. Less blood means less of the fac- 
tors necessary for the production of secretion, and it also means less 
secretin or hormone. One striking fact stands out, however; namely, 
the total chlorides remain practically unchanged. 

5. Gradual Increase in Secretion.—In dogs 84 and 90, an increase 
in the secretion, both in the amount and in the percentage, of free 
hydrochloric acid was noted after several months. It seems possible that 
the condition is the reverse of the one just discussed. With the estab- 
lishment of a better blood supply to the pouch, more secretion resulted. 

6. Constancy of Total Chloride Secretion—The whole subject oi 
the secretion of chlorides will be discussed in a subsequent paper. 
Attention, however, is drawn to the fact that the concentration of the 
total chlorides is fairly constant, regardless of whether the secretion 
contains a large amount of hydrochloric acid or none at all, and the 
actual amount of chlorine is quite high, for if it were all present as 
free hydrochloric acid, it would reach a figure of from 140 to 150 
tenth-normal hydrochloric acid. It is further interesting to note that 
the relative value of the chlorides in the blood is about from 90 to 95 ce. 
tenth-normal."® 

7. The Pepsin Secretion Pepsin was present in all of the samples. 
As previously described, Mett tubes were used to determine the relative 
quantities. This method is hardly an accurate one from the quantitative 
standpoint, but it does show the presence or absence of the ferment and 
gives some knowledge of the relative quantities. 

In dog 84, the concentration per cubic centimeter of pepsin after 
the severance of the blood vessels remained about the same. The total 
quantity, of course, dropped, because the quantity of secretion dropped 
There followed next a gradual drop in the concentration of the pepsin 


over a period of months, but some pepsin was always present. In dog 


14. Volborth, G. W., and Kudryavzeff, N. N., quoted by Babkin (footnote 6 
p. 326); The Splanchnic Nerve as a Secretory Nerve of the Gastric Glands, Am 
J. Physiol. 81:154, 1927. 

15. Expressed in milligrams of sodium chloride, the blood contains about 54! 


. . . . . - | 
mg. per hundred cubic centimeters, whereas the gastric juice referred to would 


contain from 800 to 900 mg. per hundred cubic centimeters. 
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e drop was also noted, although the blood vessels had not been 


In dog 90, the quantities of secretion after severance of the 


red. 


vessels were usually too small to make determinations, but when- 


e tests were made, they confirmed these results. 


18.—Histamine Secretion. Dog 84, Three and One-Half Months After 

ring Gastric Blood Vessels. One Cubic Centimeter of Histamine 

Injected Subcutaneously at End of First Hour. First Secretion 
Obtained Fifteen Minutes After the Injection 


Free Hydro- Total Hydro- Total Pepsin, Volume of 
chlorie Acid chlorie Acid Chloride Mett Mucus, % 
0 70 146 64 50 
1 ec. of histamine injected subcutaneously 
75 105 154 
10 90 150 
0 70 144 
0 65 146 
0 55 144 


Volume of 


Juice, Ce. 


19.—Histamine Secretion. Dog 90, Six Weeks After Severing Gastric 
Blood Vessels. One Cubic Centimeter of Histamine Injected 
Subcutaneously at End of First Hour * 


Volume of Free Hydro Total Hydro- Total Volume of 
Juice, Ce ehlorie Acid chlorie Acid Chloride Mucus, % 


0 40 144 Trace 


os 
1 ce. of histamine injected subcutaneously 
Trace 


50 85 150 
Trace 


07 40 65 146 
0.0 
0.0 


*In a second test in which there was no secretion during the first control hour, the latent 
| following the injection of the histamine was fifteen minutes. 


20.—Histamine Secretion. Dog 88, Three and One-Half Months After 
eparation of Sac. Original Blood Supply Left Intact. One Cubic 
Centimeter of Histamine Injected Subcutaneously at End of 
First Hour. First Secretion Obtained Twelve Minutes 
After the Injection 


Volume of Free Hydro- Total Hydro Total Pepsin, Volume of 


Juice, Ce. chlorie Acid chlorie Acid Chloride Mett Mucus, % 
0 5d aS v0 100 

» of histamine injected subcutaneously 

144 Trace 


45 70 
Trace 


10 60 


the spontaneous secretion of dog 8&4 and dog 88, whenever the 
tities were sufficient to permit examination for pepsin, the presence 
ferment could be demonstrated. It did not vary much from 
ounts found in tests done about the same time following the 
nistration of meat. This question will be further discussed when 


retion of histamine is considered. 
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8. Effect of Histamine—All of the pouches responded to the subcu- 
taneous injection of 1 mg. of histamine (tables 18, 19 and 20). The 


latent period was usually from twelve to fifteen minutes, which js 
almost normal. There was an increase in the quantity of the secretion 
and in free acid. The effect was usually over in two hours, though jt 
occasionally persisted two or three hours more in dog 84. Pepsin was 
found in all of the specimens examined. It did not vary much in 
quantity from the amounts found after food stimulation or in the spon- 
taneous secretion obtained in tests done about the same time. 
Vineberg and Babkin*® recently called attention to the fact that 
histamine chiefly stimulates the secretion of fluid and hydrochloric acid, 
and that it has little or no effect on the secretion of pepsin. The latter 
they believe due to vagus stimuli, and they have produced it with pilo- 
carpine, which stimulates this system. Gilman and Cowgill!’ have 
reported similar results with histamine studies. The results reported 


in tables 18, 19 and 20 also show that histamine does not increase the 


secretion of pepsin. On the other hand, it is definitely established in 


these pouches that fair quantities of pepsin can be secreted over periods 


of hours in spite of the entire absence of the vagi and of the plexus 
of Auerbach. 

The stimulus for the secretion of pepsin in these pouches is not 
clear. It may be due to some property of the peptic cell or to a humoral 
stimulus, although the latter does not seem likely. 

These pouches furnish excellent means for further study concern- 


ing the effect of pilocarpine, histamine and atropine on gastric secretion 


SUM MARY 

1. A transplanted gastric pouch was prepared from the mucous 
membrane and submucosa. 

2. Auerbach’s plexus was eliminated from this pouch in additior 
to the vagus and sympathetic nerves and the normal gastric blood 
supply. 

3. This pouch responded to food with the secretion of gastric juice 
containing hydrochloric acid and pepsin, showing that this secretion 
may take place in the entire absence of the preganglionic and _ post 
ganglionic fibers of Auerbach’s plexus. 

4. The stimuli for this secretion apparently reach the sac through 
the new abdominal blood supply and act on the secreting cells them- 
selves or on the neurocellular substance. 

16. Vineberg, A. M., and Babkin, B. P.: Histamine and Pilocarpine in Relatior 
to Gastric Secretion, Am. J. Physiol. 97:69, 1931. 

17. Gilman, A., and Cowgill, G. R.: Effect of Histamine on Secretion of Gastri 


Pepsin, Am. J. Physiol. 97:124, 1931. 
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5. A fairly marked spontaneous secretion containing free hydro- 
hloric acid and pepsin was present in one dog. In the other two, it 
was irregularly found and usually scanty. The origin of this secretion 
s not clear. Some possible causes are discussed. 
[he amount of the blood supply to the sac seems to determine in 
the amount and the nature of the secretion. After the second 
stage of the operation, which consisted in dividing the gastric vessels, 
here was a drop in the quantity of the secretion and in the hydrochloric 
iid. Later there was a rise in one dog probably owing to the develop- 
nt of a better blood supply from the abdominal wall. 
7. The quantities of the total chlorides remained fairly constant, 
hetween 140 and 150 cc. of tenth-normal solution (from 800 to 900 mg. 
sodium chloride per hundred cubic centimeters), regardless of the 
onditions under which the secretion was collected. 


8. Pepsin was always present, showing that at least a basic pepsin 


secretion could take place in the absence of the vagi and Auerbach’s 
plexus. 


9. The pouches responded to the stimulation of histamine after a 


latent period of from twelve to fifteen minutes. Pepsin was found in 
he secretion. 





SQUAMOUS CELL CARCINOMA OF THE RENAL PELYVIs 
ASSOCIATED WITH STONE AND LEUKOPLAKIA 


W. Jj. POTTS, M.D. 


OAK PARK, ILL. 


The following case is reported because it represents from a clinical 
and pathologic standpoint the various stages in the development of a 
squamous cell carcinoma of the renal pelvis. Reports of similar cases, 
although not frequent, illustrate the important relation of irritation ! to 
leukoplakia, and of continued irritation to consequent carcinomatous 
changes. 

Kutmann ' reported a case of leukoplakia in the renal pelvis, and 
stated that only 67 similar unquestioned cases had been reported. 
Patch * found reports of 152 cases of squamous cell carcinoma in the 
urinary tract; 36 renal, 6 ureteral and 10 vesical. In 13 cases, cancer 
and leukoplakia coexisted. 

Equally interesting is the relation of calculi to the development oi 
squamous cell tumors. Wells * in 1922 found reports of 11 unques- 
tioned cases of squamous cell cancer of the renal pelvis, and reported 
a case of his own. The presence of calculi was mentioned in 6 reports 
Scholl and Foulds* in 1924 reported 5 similar cases that had been 
observed at the Mayo Clinic between 1907 and 1922. Four of thes¢ 
were associated with stone. In cancer of the gallbladder, likewise. 
calculi are an important etiologic factor. Nicholson * reported 16 cases 

From the Senkenberg Pathological Institute, Frankfort-on-the-Main, Germany 
(Prot. B. Fischer-Wasels, director). 

1. In this connection, the excellent work of Professor Fischer-Wasels should 
be referred to. He expressed the belief that chronic inflammation stimulates the 
regenerative processes that eventually develop into carcinomatous changes (Wien 
klin. Wehnschr. 44:629, 1931; Miinchen. med. Wehnschr. 75:73, 1928; Klin 
Wehnschr. 6:1025, 1927). 

la. Kutzmann, A. A.: Leukoplakia of the Renal Pelvis, Arch. Surg. 19:871 
(Nov.) 1929. 

2. Patch, F. S.: The Association Between Leukoplakia and Squamous Cell 
Carcinoma in the Upper Urinary Tract, New England J. Med. 200:423, 1929 

3. Wells, H. G.: Chemical Pathology, ed. 5, Philadelphia, W. B. Saunders 
Company, 1925, p. 306; Primary Squamous Cell Carcinoma of the Kidney Pelvis 
as a Sequel to Renal Calculi, Arch. Surg. 5:356 (Sept.) 1922. 


4. Scholl, A. J., and Foulds, G.: Squamous Cell Tumors of the Renal Pelvis 
Ann. Surg. 80:594, 1924. 
5. Nicholson, G. W.: Three Cases of Squamous Cell Carcinoma of the Gall 


Bladder, J. Path. & Bact. 13:41, 1909. 
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of squamous cell cancer in the bile tract, 15 of which were associated 
with cholelithiasis. Chiari® stated that in the postmortem material of 
the Allgemeines Krankenhaus in Vienna, cancer of the gallbladder is 
invariably associated with cholelithiasis or cholecystitis or with both. 
He further stated that carcinomatous changes are found at  post- 
mortem examination in 18 per cent of cases with chronic cholelithiasis. 

The relation of chronic irritation by calculi to the development of 


cancer must by force of repeated observation be accepted as a fact. 


REPORT OF A CASE 


History —Mrs. W., aged 67, entered the Staedisches Krankenhaus, Frankfurt- 
on-the-Main, on Nov. 3, 1926, complaining of increasingly severe pain in the right 
flank, which was made worse by coughing or straining. During the previous few 
months, the patient had complained of pain in the bladder and urgency and fre- 
uency of urination. Before that she had been bothered with attacks of gall- 
stone colic, which in the latter years subsided spontaneously. In general, she had 
been well, the mother-of five normal children. 

Clinical Examination.—Physical examination revealed an old, well preserved 
woman, not acutely ill. The skin and the mucous membranes were normally pink; 
the tongue was clean, but somewhat dry. The only other positive physical find- 
ing was in the right upper quadrant of the abdomen, where a tender mass, pre- 
sumably the kidney, could be felt. It moved with each deep respiration and could 
be moved by palpating bimanually. 

An analysis of the contents of the stomach showed free acid 2 and combined 
icid 18. The blood pressure was 120 systolic and 70 diastolic. The hemoglobin 
was 77; the leukocyte count, 7,500; the Wassermann reaction, negative. Roent- 
gen examination of the stomach and colon showed nothing abnormal. Urinalysis 
revealed aibumin ++, pus cells ++-+-+ and sugar 0. 

Cystoscopic examination revealed a severe cystitis. Cloudy, flocculent urine was 
seen flowing from the right ureteral opening. Pyelograms of the left side showed 

abnormality of the renal pelvis or of the ureter. In the roentgenograms of the 

ht side, a shadow approximately 2 cm. in diameter was visible. 


! Diagnosis —The clinical diagnosis was stone in the right kidney with 


/peration—On March 13, 1926, with the patient under ether anesthesia, the 
kidney was exposed by the usual curved flank incision and resection of the twelfth 
rib. The stone was easily identified high in the pelvis under a markedly thinned 
ut area of renal tissue. A small incision was made through the parenchyma and 

stone removed. A large amount of purulent fluid escaped. A rubber tube 

nd catheter tied together were inserted into the kidney. The muscle wound 

not sewed, but packed with a large gauze tampon. The stone was the size 
ipe of a horse chestnut. Chemical analysis showed it to be of calcium 
ition. 

perative Course-—The convalescence was smooth. The temperature 

ed normal. Daily lavage of the renal pelvis with a flavine dye in salt 
was practiced. The flank wound healed slowly, but the fistula, from 


lari Personal communication. 
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which cloudy urine continued to escape, did not close over a period of foy 


months in the hospital. Because of the patient’s age it was decided to fore 








further operation, and she was discharged. 


She returned to the Surgical Clinic on Jan. 22, 1931, in a semicomatose, cachecti 


tic 
condition, and died three days later. During the intervening five years, the f 


tula had remained open and had drained pus and urine. 








5 


Fig. 1—Gross appearance of one half of the tumor. The forceps is inserted 
through the fistula. The numerals indicate (1) tumor tissue, (2) leukoplakia, 
(3) stone in calix, (4) remnant of renal tissue and (5) fat. 


Postmortem Examination—The body was that of an old woman in poor ge! 
eral condition, 151 cm. long and weighing 41 Kg. In the right flank there was a 
healed renal incision, in the middle of which was a fistula 1 cm. in diameter, trom 
which flocculent, turbid fluid escaped. 

The peritoneum was smooth and shiny. The bowels were free, the mesent 
lymph glands not large. In the region of the right kidney, a mass could be 
which was firmly fixed in the surrounding tissue. The left kidney was 1! 
movable 
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bases of both lungs were dense fibrous adhesions. The pericardial sur- 
smooth and shiny. The mediastinal lymph glands were enlarged. 
eart was small, weighing only 200 Gm. The muscle was brown-red. 
cardium and the intima of the aorta showed many yellow streaks. The 
aorta was widely dilated. The valves were free and normal. 
lungs weighed 675 Gm. The right lower lobe was dark red. heavy and 
m the surfaces made by cutting, a foamy, turbid fluid could be expressed. 


Fig. 2—Squamous cells with numerous hyaline pearls 


small bronchi, purulent fluid was seen. The edges of the lung were blown 
tongue was normal; the tonsils were small and atrophic; the larynx, 
| esophagus were normal: the thyroid was small. 


ind 


‘iver weighed 1,035 Gm., was small and of senile type. The gallbladder 


runken and filled with a number of brown-black faceted calcium pigment 
[he cystic and common ducts were open. 


pleen was soft and gray-red and weighed 155 Gm. The follicle markings 
visible 
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The suprarenals, the pancreas and the stomach and bowels Were grossly 
normal, 

The uterus was small and atrophic. The mucosa was red with fresh blood 
The ovaries had atrophied. The bladder was filled with cloudy urine. The mucoys 
membrane was red and thickened. 

The brain weighed 1,155 Gm. The basilar arteries showed many yellow-whit 


patches. 


Fig. 3.—Leukoplakia of the renal pelvis. 

The right kidney weighed 325 Gm., and measured 11 by 8 by 5 cm. It was 
embedded in a mass of fibrous tissue, which was firmly adherent to the inferior 
surface of the diaphragm, to the suprarenal and to the peritoneum about t 


he 
, 
i 


inferior surface of the liver. The capsule of the kidney was not recognizable. 
Leading into the kidney from the right flank was the fistula described. On halving 
with 


the kidney, it was seen that the pelvis and the bases of the calices were filled 
an irregular, cauliflower-like, firm mass of grayish-white tumor tissue. This for- 
eign tissue constituted the major portion of the mass, small areas of renal 


being recognizable grossly only along the margin of the upper and Jowet 
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[he tumor was attached to the pelvis of the kidney in all but an irregular 


roximately 2 by 3 cm. in the inferior portion. The calices were dilated, 
walls collapsed by the pressure of the tumor from within. Clinging 


urface of the pelvis and calices was a grayish-white, putty-like material. 


is had been scraped off there came to view a pearly gray, rough, some- 
hat velvety layer lining the free portion of the pelvis and the calices. This 
vas of uneven thickness and could be peeled off, but not without leaving 


— ag ee 


lig. 4—Carcinoma cells spreading along the lining of the calix and apparentls 
isplacing the leukoplakial layer. 


+t 


ely damaged base. In the tips of several calices could be found small frag- 
of brown, lamellar calculi from 1 to 5 mm. in diameter 


left kidney weighed 160 Gm., and was gray-brown and soft. The capsule 
| easily and left a smooth surface. The pelvis and calices were dilated and 
vith cloudy urine. The pelvic lining was inflamed. The parenchyma showed 
degeneration, but no abscesses. 


scopr 


Examination—In sections taken from the center of the tumor and 
ith hematoxylin and eosin, one saw an irregular growth of cancer cells 
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in a heavy fibrous tissue stroma. These cells were of the typical la 
squamous type. There were numerous areas in which the cells wers 

in whorls, forming as typical epithelial pearls as one sees in a carcinoma of 
skin. Some of these pearls had structureless centers of hyalin stained 
geneous pink (fig. 2). 

Sections taken from the calices and the pelvis and stained with hematox 
eosin showed that everywhere the lining epithelium consisted of typical 
cells, in some places a few cells thick, in others many cells thick (fig. 3) 
this layer everywhere was a marked infiltration by round cells. Nowher 
normal epithelium found. 

\ section taken from one of the calices (fig. 4) showed how the malignan: 
growth apparently spread along and displaced the leukoplakial layer of cells 

Microscopic examination of the material in the calices revealed nothing but 
a structureless débris. 

Sections taken from the left kidney and stained with hematoxylin and eosin a1 
sudan III showed marked fibrous and fatty changes as a sequel to a long-standing 
pyelonephritis. 

Anatomic Diagnosis —The anatomic diagnosis was: squamous cell carcinoma 
of the pelvis of the right kidney; leukoplakia of the pelvis of the right kidn 
and calices; healed nephrotomy wound with urinary fistula on the right sid 
pyelitis and pyelonephritis of the left kidney; compensatory hypertrophy of th 
left kidney; purulent cystitis; edema of the lungs; purulent bronchitis; senil 
arteriosclerosis; senile dilatation of the aorta; hyperplastic spleen, and brow: 
atrophy of the heart. 


COMMENT 

Why leukoplakia should be so rare when irritation by stone and 
infection is so common is difficult to explain. The simplest answer that 
satisfies rather than explains is that nature’s tendency is to produce lik 
cells from like. Only under unusual circumstances can any variation 
occur. The theory of displaced cell remnants might from an embryo- 
logic standpoint apply to the urinary tract, but would hardly explain 
the occurrence of squamous cell changes in the gallbladder or in the 
pancreas. 

The mechanism of cell variation has been designated by most 
pathologists as metaplasia. The word metaplasia signifies an adaptation 
on the part of the cells to an altered environment (Adami and McCrae ‘) 
or a chemical alteration of the cells due to mechanical stimuli (Wells 
Metaplasia is a bridge from one type of epithelium to another. How 
the crossing is made is still a matter of conjecture. Aschoff * divided 
the process into two phases : first, the neoplastic phase or the stage of 
incomplete cell differentiation; second, the metaplastic phase 


stage of completed cell growth. 


7. Adami and McCrae: General Pathology, ed. 2, Philadelphia, 


Febiger, 1912, p. 202. 
8. Aschoff, L.: Allgemeine pathologische Anatomie, ed. 3, Jena, 
Fischer, 1913 p. 616. 
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ct metaplasia, 1. €., a change of adult tissue with persistence of 
is not likely. It is hardly conceivable that a cell that has 
maturity can alter its complex chemical structure and become 
rmed into another type. The change must occur in the plastic, 

mic stage. 
taplasia, wound healing and tumor development are apparently 
related. In metaplasia, specifically in the case under consider- 
leukoplakia of the urinary tract, there is as the initial stage an 
tion of the transitional epithelium by stone or infection or by 
both. This trauma with consequent cell destruction calls for repair. 
Because of the altered condition there develop occasionally instead of the 
normal, transitional cells, squamous cells. Lubarsch,® Herxheimer,'® 
\schott ° and others have ascribed this to a response of the embryonic 
reserves or cell potentialities. Unusual circumstances bring out and 
levelop this reserve power. A uterus that has been everted and exposed 
to the air develops squamous epithelium and horny pearls. In ectopia 

‘ae, squamous cells develop on the surface of the exposed epithelium, 
nd cylindric and mucus-producing cells develop in the depths of the 
folds of the mucous membrane. This power of adaptation to altered 
environment is possessed only by the supporting and covering tissues. 
In specialized tissues with higher functions, adaptation 1s impossible, and 
repair can be effected only through the medium of connective tissue. 

In the healing of wounds, the mechanical part of the process is 
similar. After the injury there is an immediate response on the part 
of the organism to repair the damage. Irritants, named by Carrel " 
“trephones,’ are releasea from the leukocytes and lymphocytes and 
stimulate the embryonic reserves to activity. New cells appear either 
because they have been stimulated to grow, or because the resistance 
to growth has been removed. The gap is filled with tissue of similar 
haracter or with simple connective tissue. The process is ct mnplete and 
stops abruptly. 

In case of tumor development—if trauma is a factor, and it appears 


} ] 
¢ tn 


there 1s, following an injury, however slight, an ill fated attempt 
nthe part of the inherent growth forces to repair the damage. The 
result is a cancer. The more these new uncontrolled cells vary from 


1 
th 
iC 


adult type which should have been produced the more malignant 


the tumor is. 


Why irritation should be followed by normal healing 


one case, by the development of foreign cells in another and by the 


Lubarsch, O.: Die Metaplasiefrage und ihre Bedeutung ftir die 
stlehre, Arb. a.d. path-anat. Abt.d. K. hyg. Inst. zu Posen, 1901, p. 205. 
lerxheimer, G.: 


Ueber heterologe Cancroide, Beitr. z. path. Anat. u. z. 
41: 348, 1907. 


irrel, A Leukocytic Trephones, J. A. M. A. 82:255 (Jan. 26) 1924. 
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production of cancer in the third is an unsolved problem which 
occupying the time of scores of investigators. 


Leukoplakia of the urinary tract is not, I believe, the intermediate 


stage between transitional epithelium and cancer. If the theory of 


metaplasia is accepted as a change in the embryonic reserves of the tis- 
sues, these adult cells must be looked on as end-products, no mor 
capable of differentiating. If irritation were removed from these cells 
they might remain as harmless islands of tissue no more apt to undergo 
carcinomatous changes than other normal tissues. 

The islands of squamous epithelium found in the otherwise normal 
genito-urinary and respiratory tracts may be the result of an earlier 
metaplastic change that occurred as the result of a temporary inflam- 
mation. However, if irritation continues, there is a constant stimulation 
of the growth forces of these cells and finally an abortive attempt at 
repair, or cancer. 

HISTOLOGIC STUDIES 

An attempt was made to find squamous epithelium in the normal and 
in the infected urinary tract not showing leukoplakia grossly. A hope 
was entertained of finding some intervening stage between transitional 
and squamous epithelium. Twenty-six urinary tracts were studied 
They included: fifteen normal tracts; one tuberculous; two bladders 
hypertrophied as a result of prostatic obstruction ; two dilated infected 
bladders; one bladder presenting simple cystitis; one, hemorrhagic 
cystitis; one, chronic cystitis with stones; two urinary tracts showing 
hydronephrosis and hydro-ureter, and one ureter showing a primar) 
carcinoma. Blocks of tissue were removed from the vesico-urethral 
junction, trigon, ureteral opening, fundus, ureter and renal pelvis. 
354 sections examined, no squamous epithelium was found nor an 
more variation from the normal transitional epithelium than would lx 
expected in an infected tissue. The mechanism of metaplasia will most 
probably be solved by tissue culture methods. 


SUMMARY 


An unusual case of squamous cell carcinoma and leukoplakia of the 
renal pelvis subsequent to stone is reported. It is impossible to state 
when the carcinomatous change in this case occurred. The large number 
of epithelial pearls thoughout the entire mass suggests a slowly growing 
tumor. This case showed no signs of metastases anywhere, in contrast 
to the cases reported by Scholl and Kretschmer,'? in which early and 
extensive metastases occurred. 

12. Kretschmer, H. L.: Primary Non-Papillary Carcinoma of the Renal Pel- 
vis, J. Urol. 1:405, 1917. 
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In previous papers we presented an original method for the deter- 
mination of the healing and breaking strength of fractured and unfrac- 
tured fibulae of rats on a standard diet. From a consideration of the 
evidence of the close correlation existing between all parts of the 
skeleton that was presented at that time, the conclusion was reached 
that the normal strength of bone may vary widely within comparatively 
short periods of time, that the unfractured fibula of the left leg will 
gain and lose strength simultaneously with similar gains and losses in 
the fractured right fibula of the right leg, and that a close relationship 
exists between variations in the animal weights, the quantity of food 
that the rats eat and the strength of the fibulae. No attempt was made to 


evaluate these factors beyond briefly considering the possibility that 


there may be present in the diet a definite substance that exerts a strong 
influence on the strength of both normal and fractured bones. In our 
search for the dietary factors concerned in this phenomenon, we have 
continued our studies with albino rats on a high fat diet. 

(he absorption and excretion of calcium and phosphorus on a high 
tat diet, as well as the extent to which the fat is utilized by the animals, 


have been studied by a number of workers. However, for our purposes 
we find ia Sa . : ° e 

we find their reported results not in accord, although deserving of the 
st caretul consideration for an understanding of our problem. 


(he normal association between the digestion of fats and calcium 


} 
1 


phosphorus is close. Leathes and Roper! concluded from work 
the Department of Surgery, Yale University School of Medicine. 
expense of this investigation was defrayed by Davis & Geck, Inc. 


leathes, J. B., and Roper, H. S.: Monographs on Biochemistry: The 
2, New York, Longmans, Green & Co., 1925. 
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of their own as well as from the work of Munk, the pionee: 
studies, that fats are hydrolyzed to fatty acids and glycerol in t 
intestine by pancreatic lipase and succus entericus. Bile facilitat 
reaction by emulsifying the fat and accelerating the activity 
lipase. The fatty acids largely combine with the available inorga 
salts to form soaps, while the remainder remain emulsified. Both forms 
of the fatty acid are absorbed except for some of the more insolubk 
soaps, especially those of calcium. Hunter? stated that calcium 
absorbed as calcium ions, various phosphate tons and molecular phos- 
phates of calcium in solution. Phosphorus is absorbed as_protei 
molecular combinations (phosphoproteins and nucleoproteins) and a 
lipids or phosphatides. To a lesser extent, Pryde * believes, inorgani 
phosphates may contribute to the bodily store of phosphorus. 

The absence of fat from the diet was shown by Burr and Burr‘ 
to be followed by the appearance of a dermatitis. MeAmis, Andersor 
and Mendel ® found that fat was necessary for growth, while Holt an 
Fales® found that calcium absorption was definitely retarded by the 
absence of fat in the diet. On the contrary, Osborne and Mendel, 
as well as Drummond and Coward,* found that the demands for 
were extremely small, and explicable on the basis that fats were neces 
sary vehicles for the fat-soluble vitamins. On the other hand, Settles 
found that kittens on a high fat diet were approximately 30 per cent 
larger than the controls on a normal diet, while Levine and Smith, 
using a high fat diet in which 86 per cent of the available calories wer 
in the form of fat, found that rats could grow efficiently and _ utilize 
OS per cent of the fat fed. They also reported that other workers 1 
this field had found a 95 per cent utilization of a high fat diet in studies 
on man, dogs and cats. From these facts we may conclude that fats 
supply the organism with a ready source of energy in a smaller quantit) 
than any other foodstuff, that they supply the fat-soluble vitamins, 
especially vitamins .\ and D, that growth is inhibited in their absence 
from the diet and proceeds normally when they constitute as high as 
86 per cent of the available calories in the diet, that on high fat diets a1 


2. Hunter, Donald: Lancet 1:897, 947 and 999, 1930. 
3. Pryde, John: Recent Advances in Biochemistry, Philadelphia, P. Blakiston’ 
& Co., 1926. 
4. Burr, G. O., and Burr, M. M.: J. Biol. Chem. 82:345, 1929. 
5. McAmis, A. J.; Anderson, W. E., and Mendel, L. B.: J. Biol. Chem 
247, 1929. 
6. Holt, L. E., and Fales, H. L.: Calcium Absorption in Children o1 
Low in Fat, Am. J. Dis. Child. 25:247 (March) 1923. 
7. Osborne, T. B., and Mendel, L. B.: J. Biol. Chem. 45:145, 1920. 
*, and Coward, K. H.: Lancet 2:698, 1921. 


B 
8. Drummond, J. C., 
9. Settles, E. L.: Anat. Rec. 20:61, 1920. 
10. Levine, H., and Smith, A. H.: J. Biol. Chem. 72:223, 1927. 
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of at least 95 per cent of the fat is utilized, and that fats are 


ntial to the absorption of calcium and phosphorus. 


influence of a high fat diet on the absorption of calcium and 
sphorus depends on the utilization of the fats. Givens '' found that 
hoor utilization of fats or fatty acids increased the excretion of cal- 
aid in the feces and so prevented its absorption even when it was 
present in the diet in an adequate amount. Holt, Courtney and Fales ** 
obtained similar results in studies on young children. We have noted 
that Levine and Smith found 98 per cent of their high fat diet utilized. 
Consequently, if the fat was utilized to the same extent in our experi- 
ment with albino rats on a high fat diet, we might expect that the 

absorption of these two elements at least would proceed normally. 
Peters and Van Slyke ™* stated in their recent review that the absorp- 
tion of calcium is, in general, promoted by those factors which tend to 
keep calcium in solution in the intestines. Substantiating this opinion, 
Orr'* as well as Irving’ stated that during the digestive process an 
insoluble calcium phosphate is formed, in which the degree of solubility 
is in direct proportion to the intestinal acidity. Telfer,’® in studies on 
infants, found that fatty acids aided the absorption of calcium by increas- 
the intestinal acidity and therefore accelerating the change of 
calcium, phosphate, carbonate and soaps into soluble calcium salts. 
Theoretically, then, we may expect that on a utilizable high fat diet the 
absorption of the calcium and phosphorus available would be more 
efficient and complete than on a normal diet, with the result that the 
breaking and healing strength of normal and fractured fibulae should 

he favorably influenced. 

PROCEDURE 


Th 
1 | 


e methods used throughout this’ experiment remained essentially as described 
our previous papers. The animals were placed on a Moise and Smith ?* high 
lat diet at the outset of the study. In addition, 100 mg. of dried powdered veast 


was fed every two days. The salt mixture was the same Osborne and Mendel !* 


ll. Givens, M. H.: J. Biol. Chem. 31:441, 1917. 
12. Holt, L. E.; Courtney, A. M., and Fales, H. L.: Calcium Metabolism of 
fants and Young Children, and the Relation of Calcium and Fat Excretion in the 
Is, Am. J. Dis. Child. 19:97 (Feb.) and 201 (March) 1920. 
13. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1931. 
l4. Orr, W. J.; Holt, L. E.; Wilkins, L., and Boone, F. H.: The Calcium and 
osphorus Metabolism in Rickets, with Special Reference to Ultraviolet Ray 
Am. J. Dis. Child. 26:362 (Oct.) 1923. 

Irving, Laurence; and Ferguson, John: Proc. Soc. Exper. Biol. & Med. 
927, 1925. 

Telfer, S. V.: Quart. J. Med. 20:1, 1926-1927. 

Moise, T. S., and Smith, A. H.: J. Exper. Med. 40:13, 1924. 

sborne, T. B., and Mendel, L. B.: J. Biol. Chem. 37:557, 1919. 
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mixture that was used in the previous work on the standard diet. It is 

to be noted in this regard that the total salts on this diet were increased 2 
over the percentage used in the standard diet. Moise and Smith found that the 
ate less of the high fat diet, and to make the salt intakes on the two diet 
parable, they gave more salt on the high fat diet. 

At the expiration of one week on the diet all animals were divided 
groups. The first or fracture group was divided into fourteen lots of seven animals 
each. The right fibula of every animal was then fractured at a point opposite ¢| 
tibial prominence. Beginning on the sixth postoperative day and continuing 4 
intervals of three days thereafter for the fourteen periods, the entire lot of seve 
for each period was killed, the right and left fibula then being removed and prepared 
in the manner previously described. After suitable drying the healing and breaking 
strengths of the fractured right and the unfractured left fibulae, respectively, wer 
determined. 

The second or control group was free from fracture and had _ been 
the diet for one week with the first or fracture group. At the same tim 
that the fibulae were fractured in the first group, the second group was divide 


TABLE 1.—The High Fat Diet 


Calories per Kilo \pportionment of 
Percentage gram of Food Total Calories 
Casein... : jcnaws 2: 1,025 Protein 15.8 
Crisco’... ‘ . 
Cod liver oil . ai 6,417 
Salts. ; 


Used instead of lard. 


into lots of four, and one lot was observed for each of the fourteen periods frot 
the sixth to the forty-fifth postoperative day with the seven rats with fractures 
for the same periods. The controls thus served as a basis on which to determin 
the effect of the diet alone on the skeletal system, and particularly on the breaking 
strength of the fibulae. 

In the second paper of this series of studies we established the breaking strengt 
of normal bone in addition to determining the healing strength of fractured fibula 
on a standard diet. These data are used throughout our present paper to evaluat 


the results obtained. Relative metabolic studies on animal weight and food intak 


similar to those reported in our first paper, were also prepared for each ot 
fourteen periods. In addition, representative roentgenograms of the healing fra 
tures were taken, while correlations were again drawn between animal weight 
fibular length and fibular strength on the controls on the high fat diet 


RESULTS 
Results were obtained for the control and the fracture groups 01 
the high fat diet as follows: 
I. Controls on the High Fat Diet—Correlations between fibula! 
length, fibular strength and animal weight were drawn on these rats 
in a similar manner to the correlations on the normal normals 


19. McKeown, R. M.: Lindsay, M. K.; Harvey, S. C., and Howes, 
The Breaking Strength of Healing Fractured Fibulae of Rats: II. Observations 
on a Standard Diet, Arch. Surg. 24:458 (March) 1932. 
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ations of the breaking strength ratios for the left and right 
were made, and records of animal weight and food intake were 
ill rats. 

Correlations: 1. Between Fibular Length and Fibular Strength. 
ilae were divided into length groups as before, and the respective 
strength of the left and right bones for each rat in each group 
iced under its particular division. The arithmetic mean for the 
| that for the right fibula were then obtained, as well as the com- 

bined mean of both fibulae. 
It was noted that as the fibular length increased, the fibular strength 
increased in direct proportion, or the longer the bone the stronger the 


hone This agreed with similar findings on both the normal normals 


Between Fibular Length and Fibular Strength in Controls 
on the High Fat Diet * 


Fibular Length 


2.0 Cm. 2.1 Cm. 2.2 Cm. 2.3 Cm. 2.4 Cm. 


Left Right Left Right Left Right Left Right Left Right 
tie mean 10 07 393 40? 408 156 524 53 674 596 
d arithmetic mean 3f 49? 53 635 


ormal combined arith 
in ; HO None of this 


control combined length 
ec mean 3 3 526 482 


Refer to table 2a for complete 


nd the standard controls in our second paper.’* The means obtained 
for these last two groups have been placed at the bottom of table 2 
r comparison. 


2. Between Fibular Length and Animal Weight. The same fibular 


ngth divisions that were used in the first correlations were used here. 


- each division the respective weight of each rat was placed. The 


? 


rithmetic mean was determined for the division (table 3), and it was 
in found that the longer the fibula was, the heavier the animal. This 
with the observations made on the normal normals and on the 
dard controls, as will be noted when the progression obtained on 
*two groups is compared with that for the controls, at the bottom 
table 3. 

m the correlation, it appears to follow that the heavier the 

t the longer is its fibula, or vice versa. 
3. Between Animal Weight and Fibular Strength. In the second 
paper of this series we arbitrarily divided the rats into weight groups, 
ermined the fibular breaking strength of the members of each 
We found that in the normal normals the heavier the animal 
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the stronger was its fibula. However, when we attempted to reprodye, 
this strong correlation in the standard controls, the weight ¢ Ip of 
from 251 to 275 Gm. was found to be made up of animals of unsatis. 
factory character, with the result that although a correlation was show 
to exist, it was considerably less than in the case of the normal normals 
Qn the basis of the information gained from these two correlations, w, 
divided the controls on the high fat diet into similar weight groupings 
as seen in table 4. From this it became evident at once that the heavie: 


the animal the stronger was its fibula. 


Correlation Between Fibular Length and Animal Weight 
on the High Fat Diet * 


Fibular Length 


2.0 Cm. 2.2 Cm. 


0) 215 256 


Arithmetic mean 


Normal normal arithmetic 


mean 251 


Standard control arithmetic 


mean 


Refer to table Sa for complete data. 


TABLE 4.—Correlation Between Animal Weight and Fibular Strength* 


190-225 Gm. 226-250 Gm. 251-275 Gm 276-300 Gi 


Left. Right Left Right Left Right Left Right 
\rithmetie mean 

Combined arithmetic mean 

Combined mean of normal normals 


Combined mean of standard controls 


Refer to table 4a for complete data. 


B. Fibular Breaking Strength Ratios: The breaking strength 01 
the right and left fibulae of the four controls on the high fat diet in eac 


of the fourteen observed periods was determined as in the standard 


trol rats previously reported on. Correction by use of the formula R 


= + was then made, and the results seen in table 5, were obtained. 
\ttention is called to the heading of the left hand column of table > 

The controls were not operated on and were free from fractures, | 

four controls were killed with seven animals in which the right fibula ha 


rol 


been fractured and which were killed at intervals of three days | 
the sixth to the forty-fifth day postoperatively. The words “post 
consequently are more correctly associated wit! 


‘ 
+he 


operative day” 
animals with fractures, but are used here to avoid confusion late! 





EOWN ET AL—DIET IN HEALING OF FRACTURES 473 


the results of table 5 were plotted in figure 1, it was found 
reaking strength ratios of the left and right fibulae were again 
tratively close agreement. In the fifty normal normals reported 
second paper '’ we found the left fibula to be a ratio of 9 


Breaking Strength Rattos of Controls on the High Fat Diet * 


e Dav Observed Left Fibular Ratio Right Fibular Ratio 
244 + 10 262 + 235 
256 + 32 256 + 3 


» table 5a for complete data. 


Pe 
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lhe breaking strength ratios of the control group on the high fat diet. 
s show a greater tendency to remain within the limits of the normal 

than the ratios for the controls on the standard diet. The average 
left fibulae remains, as in the rats on the standard diet, slightly higher 


the right 


} 


than the right. When the average from the beginning to the 


experiment was taken for the controls on the high fat diet, 


similar difference was found. On the twenty-first day, 


in figure 1, the right fibula was considerably stronger than 
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the left. This result is inexplicable, but is probably due to experiment 
error in the observations on the breaking strength of the right fibula fo, 
that period. 

The ratio throughout fluctuated widely. In contrast to the ratios 
for the controls on the standard diet those for the controls on the hig 
fat diet ended considerably above the normal normal band, and in ge; 
eral the ratios for the controls on the high fat diet showed a greate; 
tendency to be equal to or greater than the ratios of the normal normals 
The controls on the standard diet, it will be remembered, presented a 
irregular but peristent fall in strength below the normal normals. 

C. Data on Animal Weight and Dietary Intake: The weights o; 


the rats in each of the fourteen periods were estimated as differences 


TABLE 6.—Animal lVeight and Food Intake of Controls * 


Difference in Weight from Food Consumed per D 
Operation to Death, as from Operation to Deat 
per Cent of Weight at as per Cent of Weight 
Postoperative Day Operation Operation 

6 

y 

12. 

15 

18. 

21 

24 

27 


* Refer to tables 6a and 6b for complete data. 


in the individual weights from the operative day on which observatioi 
began to the date they were killed. This gain or loss in weight was 
determined as percentage of body weight at operation, and is tabulated 
in table 6. 

On the high fat diet the animal weights fell with variations fro 
period to period to the twenty-first day, when the group of four rats 


for that interval showed a slight gain of + 0.37 per cent. The weights 


again abruptly fell to a low point of 13.72 per cent on the thirtiet! 


day. Following this there was a sharp increase in the percentages 
] 


roy 


to + 8.50 per cent on the thirty-third day, with a subsequent « 


a final low point of — 15.32 


per cent on the last day. 

In figure 2 the percentages have been plotted along with thos 
the standard controls. One readily sees that though both control grou 
lost weight, the curve for the standard diet group was much smoothet 


but that the end-point was considerably lower. 
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food intake of these animals fluctuated widely. At first glance, 

leads one to believe this untrue, but figure 3 corrects the impres- 

at the tabulated results give. On the contrary, figure 3 shows 

hat the food consumed on the standard diet, although it constantly 
diminished in quantity, was more uniformly diminished than the amount 
umed on the high fat diet. Both diet groups showed an increase 

he thirty-sixth day, but differed in that the animals on the high fat 
hegan to consume more food from the twenty-fourth day, whereas 


increase did not begin until the thirty-third day on the standard 








HIGH FAT DIET CONTROLS 





STANDARD DIET CONTROLS 
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rhe difference in weights from operation to death, plotted as per cent 
weight at operation for controls on the high fat and standard diets. The 
{ the controls on the high fat diet fell in a manner not greatly dissimilar 
t observed in rats on the standard diet, except that the rate of fall was some- 
lower, and presented more sharply defined variations. It is evident that 
equilibrium was not attained within the time limits of this experiment. 


both showed a drop thereafter, the standard diet at once, and the 
diet maintaining its level for another three days, after which 


ped to a point much lower than that reached by the standard 


ill be noted at this point that the caloric value of 1 Kg. of the 
rd diet is 5.340, while 1 Kg. 


of the high fat diet has a caloric 
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value of 7.442... Roughly, then, 2 Gm. of the high fat diet 
same potential number of calories as has 3 Gm. of the standa 
If we interpret the food intake on the basis of its calorie va 
find that the rats, although eating less food in quantity, are 
consuming nearly the same amount of food calorically. Several workers 
have found that rats tend to balance their food intake by their calori 
requirements, and that though they may eat less of one diet than 0‘ 
another, they eat essentially the same number of calories. This appeared 
well borne out in our results. 

Il. Fracture Group on a High Fat Diet.—The left fibula of eae 


animal in this group was unfractured, while the right was fractured 
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e 
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Fig. 3.—Food consumed per day, plotted as percentage of body weight at « 
tion, for controls on the high fat and standard diets. Owing to individual var 
tions in the animals used, the quantity of food consumed fluctuated widely in t 
early part of the experiment. This was overcome later when the animals 
adjusted themselves to the diet. It will be recalled that 1 Gm. of the high fat diet 
had a caloric value of 7.442, while the standard diet had but 5.340 calories per g 


Breaking strength ratios were calculated for each bone, and _ roent 
genograms taken of typical calluses in each period. Dietary intakes at 
animal weights were again recorded, while gross examination of 
callus, as reported in our second paper, was dispensed with. 

\. Breaking Strength Ratio of Untractured Left Fibulae 


breaking strength determinations on these animals were begun 


Le 
Te 


sixth postoperative day and continued thereafter at intervals of 
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Jays until the forty-fifth day. The ratios of five animals at least were 


calculated for each of the fourteen periods. 

lhe ratio on the sixth day postoperatively was 215 + 30. It rose 

htly to 219 + 22 on the fifteenth day, fell slightly to 194 + 17 on the 
first day and continued to fall slowly to 173 + 18 on the twenty- 

h day. It then rose to 241 + 28 on the thirty-third day, dropped 


le 


sevent 
215 + 10 on the thirty-sixth day and finally rose to the highest point 


to 
of 261 + 26 on the forty-second day. By the forty-fifth day, the end- 
point on the standard diet, the ratio had fallen to 199 + 35. The ratios 
are given in table 7. 

;. Breaking Strength Ratio of Fractured Right Fibula: Beginning 


1 on the sixth day, the ratio rose slowly to a peak on the 
» Strength Ratios of the Fracture Group on the High Fat Diet * 


Ratio of Unfractured Ratio of Fractured 

Left Fibula Right Fibula 
915 + 3 1+ 1 

215 ++ 7p + 26 

207 “i § 107 + 10 
219+ 9 112 + 

210 + 2 s4 

194 + sO 


106 - i4 
173 4 

Iss + 2 126 4 
241 + ; 153 
215 - 


261 


199 


fer to table 7a for complete data. 


tteenth day, when it was found to be 112 +9. Thereafter it fell, to 
reach 74+ 17 on the twenty-fourth day. Between this day and the 
thirty-ninth day it rose to 1492 15. Subsequent to the thirty-ninth 
lay it presented a phenomenon previously observed three days later on 
the standard diet. In both instances there occurred in the space of three 
lays an abrupt rise, which in rats on the high fat diet was from 149 + 15 

the thirty-ninth day to 201 + 30 on the forty-second day. In figure 
+ it will also be seen that simultaneously with the rapid increase in 
strength of the healing fractured fibula the strength of the left fibula 


rose. In addition, figure 4 shows that a similar rise in the ratio of the 


+t 


hula occurred on the standard diet. Following the high point on 

torty-second day, the fracture strength ratio quickly fell off to 

low point of 108 + 26, at which time this particular phase of 
periment was discontinued. 

curve for the fractured right fibula was both lower and more 

in rats on a high fat diet than in rats on the standard diet. 
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After the twenty-fourth day the readings on the high fat di: 
fluctuated much more than those on the standard diet group, | 
end-points fell well within the standard deviation of each othe: 
S-shaped curve expressive of the ratio of healing strength 
again evidenced, and was slightly more clearcut than that 
standard diet group. 


C. Weight of Rats and Food Intake: The animal weights for th 
fourteen periods were again estimated on the basis of their difference, 
from operation to death in terms of the percentage of weight at opera 
tion (table 8). A slight increase in weight to 0.45 per cent had occurre: 


by the ninth day. This was followed by a decrease in weight to reac! 
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Fig. 4+.—Ratio of healing strength of fractured right fibulae and_ breaking 
strength of unfractured left fibulae of rats on the high fat diet, with similar ratios 
for the fibulae of rats on the standard diet. In rats on the fat diet the primary callus 
had formed by the fifteenth day, as in the rats on the standard diet, but the height 
of the ratio curve was roughly 50 per cent lower. The decrease in strength simu! 
taneous with the formation of the medullary space, which occurred between the 
fifteenth and twenty-first days in rats on the standard diet, took three days longer 
to develop on the high fat diet. The end-point, however, was reached on the forty 
second day as compared with the forty-fifth day on the standard diet. The fluctua 
tions in the breaking strength of the left fibula noted in rats on the standard diet 
and assumed to be due to a generalized increase in the skeletal salts following the 
formation of the local provisional callus, did not appear to be so clearly defined 
rats on the high fat diet. 


3.34 per cent on the twelfth day. By the fifteenth day, whet 
primary callus was at its greatest strength, the weight was not on! 


o 
s 
? 


retained but had reached 2.76 per cent. On the eighteenth day 1 


weight was 4.26 per cent, and this loss was regained to 
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of 5.15 per cent by the twenty-seventh day. The weight again 
. low point of — 4.92 per cent on the thirty-sixth day, and ended 
| quick rise to 13.08 per cent on the forty-second day, followed 
partial loss of the rapidly gained weight to 6.19 per cent. It is 
ilue to note that simultaneously with the sharp gain in weight on 


forty-second day there was a similar abrupt increase in the healing 


strength ratio of the fractured right fibula. In addition, it will be shown 


that there was a corresponding increase in the quantity of fcod that 
rats ate. 

(he food intake of the fracture group on the high fat diet was 
tabulated as food consumed per day from the operation to death on the 
hasis of its percentage of the weight of the animal at operation (table 8). 
(his was identical with the previous methods of tabulation. 


Paste 8.—Animal Weight and Food Intake of Iracture Group * 


Difference in Weight from Food Consumed per Day 
Operation to Death, as from Operation to Death, 
per Cent of Weight at as per Cent of Weight at 

Operation Death 
0.0 
0.45 1.97 
3.34 d 


fer to table sa for complete data. 


It is especially apparent from the results that the increases and 
decreases in animal weight followed roughly by three days a correspond- 
ing increase in food intake. At first thought, this appears unusual, but 
an increase in the amount of food consumed does not necessarily mean a 
rising weight curve, any more than does the reverse of this statement. 
Che utilization of the food, of its caloric value, on the contrary would be 
expected to show its effects on weight. .\ large quantity of food might 
be ingested but not digested. It might be lost as an available source of 
nergy and increasing weight by diarrhea. In the early part of the 
experiment until at least partial equilibrium had been established the 
stools were loose, fatty and frequent. Subsequent to the eighteenth day 
his condition was noted to have ceased, and thereafter the weight 

din spite of a diminished intake. On the thirty-third day the 
was — 3.86 per cent. On the thirty-sixth day the food ingested 


per cent, a gain of 0.57 per cent, while in the same interval the 
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of body weight at operation, for fracture groups on the high fat and standard diets 
diet groups is observed. 


\ rough agreement in the animal weights between the high fat diet and the standard 
group, and due possibly 


The early increase in weight seen in the standard die 

to the increased metabolism following the fracture, was 
not sO apparent in rats on the fat diet. The refusal of the animals to eat during 
this interval probably accounts for the loss in weight. 
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Food consumed per day, plotted as percentage of body weight at 
tion, for fracture groups on the high fat and standard diets. For the fr 
days postoperatively the diet was not well tolerated. The ether anesthes 
during the fracture procedure may be at least a partial explanation of tl 
positive correlation between the animal weights and the food intake will b 
when this chart is compared with figure 5 
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fell from — 3.86 to — 4.92 per cent, a loss of 1.06 per cent. 
thirty-ninth day both weight and food intake were rapidly rising 
“the first instance and diminishing slightly in the second. Each had 
sharply risen by the forty-second day (figures 5 and 6). 
fhere seems little reason why one should doubt that with 96 per cent 
utilization of this diet, as Moise and Smith found," animal weight should 
vary within limitations directly proportional to the quantity of food con- 
sumed. The stimulating effect of the injury and the quickened metab- 
lism, associated with the reparative process, as seen in the plotted curve 


: 


| 
| 


indard diet; however, the resorption of the fragment ends, the increasing 


30 33 


Roentgenograms of representative fractures in rats on the high fat 
not show the reparative process as clearly as those of fractures in rats on 


the callus in the early stages of healing, the development of the medullary 
nd the modeling of the union are all to be seen. The apparent malposition 
Iracture during the first two days is due to separation of the fragments 
he drying over anhydrous calcium chloride; *« 3.5. 


fracture group on the standard diet (fig. 5), undoubtedly did not 

occur with much facilitation on the high fat diet. It did occur by the 
if day, as may be seen, but it followed a loss on the ninth day. 
s loss was due purely to the diet we have little occasion to ques- 

\fter the fifteenth day the two curves of animal weights for the 

and high fat diets showed a remarkable similarity when the 


difference in the diets is considered. 
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The food intakes (fig. 6) did not show the same relation to the animal 
weights on the high fat diet that they did on the standard diet. Th, 
intake on the high fat diet was lower throughout than that on th 
standard diet; yet if the caloric differences in the two diets are con- 
sidered, a truer picture is obtained. One gram of the high fat diet has » 
caloric value of 7.442 calories, while 1 Gam. of the standard diet has a 
value of only 5.340 calories. Consequently the rats roughly need to eat 
3 Gm. of the standard diet to get the same number of calories that 2 Gm 
of the high fat diet would supply. This goes far to explain the differ- 
ences in the results, but by no means explains all of them. 

D. Roentgenographic Studies: We note that the primary callus was 
well formed by the fifteenth day, and it will be recalled that the callus 
was also well differentiated by the fifteenth day on the standard diet. 
Subsequently the degrees of density observed in the roentgenogram from 
interval to interval are indicative, to some extent at least, of the forma 


tion of the medullary cavity, cortical thickening and reorganization of the 


callus (fig. 7). Attention is again drawn to the fact that the density o/ 


the callus is not a true index of strength after the fifteenth day. 


COMMENT 

The value of the correlations drawn between the body weight, th: 
fibular length and the fibular strength lies primarily in its demonstration 
of the dependency of these variables on one another. The existence of 
this interdependency has been suspected for some time, but the data 
obtained in this as well as in our second paper offer us further sub 
stantial evidence of its presence. 

In the introduction to this paper the possible effect of a high fat diet 
on the healing of fractures was considered. The influence of such ; 
diet on the absorption of calcium and phosphorus was our first concern 
If these salts determine the strength of the callus to the extent that many 
believe, it should follow that any change from normal bone strength 1s 
indicative of either one of two things: First, absorption of the salts 
may be within normal limits and the necessary quantity available for the 
reparative process consequently satisfied, or—owing to a partial or com 
plete failure of one or more of the factors associated with the calciun 
and phosphorus salts in the formation of the callus, such as the presence 
in the diet of accelerating or inhibitory substances, i. e., phosphatast 
or parathyroid—the salts may not be utilized, and the curve of heal 
strength of the fracture may be considerably below the level set by 
fracture group on the standard diet. Second, the salts themselves may 


be insufficient, owing to a partial or complete failure in their absorption 





KEOWN ET AL—DIET IN HEALING OF FRACTURES 483 


changes recorded in the breaking strengths of the unfractured 
eht and left fibulae of the controls on the high fat diet go far to demon- 
strate the effect of the diet on normal bone. The fibular strengths 
ductuated widely throughout the experiment ; however, the trend of the 
curve is not one of constantly diminishing strength as it was in the case 
the controls on the standard diet, but on the contrary is one of 
increasing strength. Losses are balanced by gains, with the result that 
the one compensates for the other, and the average for all observations 
is equal to or slightly greater than normal. It would appear from this 
that the salts were present in adequate amounts for the maintenance of 
ormal strength, and that their utilization was somewhat better than it 
had been on the standard diet. This leaves us with the thought that ii 
the heights attained by the healing strengths of the fractures of rats on 
this diet were lower than those reached by the fractures of rats on the 
standard diet, it is not due to less calcium and phosphorus being available, 
hut rather to a failure in other factors associated with calcification. 
lhe primary callus in the fractured right fibula was formed, as it 
was in the standard diet group, by the fifteenth day, but it had a strength 
ratio of only 112 + 9 as compared with 208 + 13 for the standard diet 
group, or a difference of 96. Simultaneously with the appearance of the 
medullary cavity, strength was noted to decrease on both the standard 
and the high fat diets, but in the case of the high fat diet the fall was 
slower and its lowest level was not reached until the twenty-fourth day, 
which was three days later than the low level for rats on the standard 
diet. Further, the level for the high fat diet group dropped but 38 points 
n nine days, while that for the standard diet group dropped 80 in six 
davs. Subsequently the high fat diet curve remained at a lower level 
than did the standard diet curve until the forty-second day, when the 
high fat diet curve rose sharply to reach an end-point above the curve of 
the standard diet group on that day. The end-point for the standard 
liet group was not reached until three days later when it gained a point 
thout 50 above the height that the healing curve of the fracture group 
nthe high fat diet attained. Calcification on the high fat diet is appar- 
ly less complete than on the standard diet, but ossification occurs 


hree days earlier, though the strength developed by it is roughly 50 


+] 
~ | 


an that of the standard end-point. The rapidity of calcification 
is Well as the extent of the process is less on the high fat than on the 


standard diet, while ossification occurs more quickly but is less complete. 


he factors concerned in calcification are apparently more influenced by 


diet than are those associated with ossification. We have already 


the data on the controls that the calcium and the phosphorus are 
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probably available in sufficient quantity, and we are left then to deter. 
mine what factor or factors other than the salts are inhibited by th 


e diet, 


Howes and Harvey,*” working in this laboratory on the strength of 


healing stomach wounds in rats on the Moise and Smith high fat diet 
: s 1eT, 


found a retardation in healing, which they attributed to the delay in 
fibroplasia, while Kugelmass and Berg *! recently reported that the 
development of fibroblasts in the callus is greatly inhibited by injections 
of trypsin into the fracture site, and that coincidentally calcification js 
incomplete. However, although we have found that the proliferation of 
fibroblasts into the area is somewhat below normal, we have observed in 
our unpublished histologic preparations that the formation of the carti- 
lage cells clearly is deleteriously influenced by the high fat diet. We 
have found not only that the chondroblasts are later in appearance and 
less in number, but that they persist longer as entities than they do in 
the normal sections with which they were compared. Whether cartilage 
cells are formed by metaplasia of fibroblasts or not does not concern us 
at this time except in its possible explanation of the smaller number of 
chondroblasts seen. It is at least possible that either there is absent, in 
the high fat diet, a substance stimulating the process of metaplasia, or 
there is present a substance inhibiting it. Fell and Robinson * found 
in tissue cultures in vitro of avian limb buds that the hypertrophic carti- 
lage cells were the prime source of phosphatase used in the formation of 
the growing embryonic bone. Kay ** found that in patients with frac- 
tures the blood plasma phosphatase level rose, and we have found in 
as yet unpublished work that the bone phosphatase increases to the 
fifteenth day and subsequently slowly returns to normal. In addition, 
Berg and Kugelmass ** reported a fall in blood phosphorus and a rise in 
blood calcium or a state of phosphorization occurring with the earl 
stages of the healing of fractured tibiae in rabbits. This could be taken 
as evidence of the activity of phosphatase with a reduction in the circu- 
lating phosphorus, while on the high fat diet the absence from the healing 
fracture of the normal number of cartilage cells may be indicative of a 
corresponding decrease in the amount of phosphatase available, with a 
slowing up in the process of calcification of the callus. The rate of calci- 
fication is apparently unaffected by the diet, but the degree or extent to 
which it progresses is affected, for the height of the curve on the 
fifteenth day is, as we noted earlier, lower although at a peak on the 


20. Howes, E. L., and Harvey, S. C.: Yale J. Biol. & Med. 2:285, 1930 

21. Kugelmass, Newton; and Berg, Richard N.: Ossification, Am. J. Dis 
Child. 41:236 (Feb.) 1931. 

22. Fell, A. B., and Robinson, R.: Biochem. J. 23:767, 1929. 

23. Kay, H. D.: J. Biol. Chem. 89:249, 1930. 

24. Berg, Richard N., and Kugelmass, Newton: Ann. Surg. 43:1009, 1931 
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as the standard diet level. In other words, the quantitative 
reaction is subnormal because the chondroblastic phosphatase 
less in amount owing to fewer chondroblasts being present. 

the strength curve of the unfractured left fibulae in rats on the 
standard diet we noted that the strength fluctuated simultaneously with 
similar variations in the strength of the healing right fibulae. This was 
again seen in the left fibulae of rats on high fat diet, but to a much 
lower degree. It is at least possible that the decalcifying powers of the 
parathyroid hormone as well as the calcifying ability of phosphatase are 


inhibited by the fat diet. Again, it may be that the extent to which 


decalcification takes place in the fracture and in the skeleton in general 
is dependent on the extent to which calcification has advanced. Phos- 
phatase and the hormone of the parathyroid may, in other words, be 
antagonists, as was suggested in the second paper of our series. 

The tendency throughout present day scientific literature to consider 
calcification and ossification as interchangeable terms appears to us to 
he unwarranted. Calcification consists essentially in the deposition in 
hone of calcium carbonate and calcium phosphate, but may occur 
pathologically at other points as well, while ossification manifests itself 
in the transformation of the calcific mass into true bone by the action of 
specialized bone cells, such as the osteoblast, and by the formation of 
the intricate histologic structure seen in mature bone. Ossification prob- 
ably is dependent on calcification, but assuredly calcification is not 
dependent on ossification. 

Turning to the end-point reached by the healing fracture on the 
forty-second day, we are confronted with the fact that union apparently 
was complete three days before it had been attained on the standard 
diet. However, it was noted that the strength reached was about 40 
below that of the standard end-point three days later. In addition, it is 
evident that the dictum that the end-point is to be considered as having 
heen gained when the strength is equal to that of the normal bone, as 
determined by the normal normal rats in our second paper, is untrue, for 
the diet may be so deficient that normal strength never will be regained. 


Instead, we may say that the highest point in the curve reached by the 


lealing fracture within the time limit set by the standard diet group, 
rty-five days, is probably a closer expression of the end-point than is 
ormal normal. The value of the normal group lies primarily in the 

‘ postoperative observations of the healing strength, for by com- 
with the normal group at that time the extent of the variations 

re clearly shown than when they are compared only with the 
tions seen in the standard diet group at the same time. The sharp 
strength in both the fractured right and the unfractured left 
subsequent to the forty-second day is at present inexplicable, but 
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fractures on this and other diets are being studied as late as the ni 
postoperative day in an attempt to find the meaning of the fall. 


Although calcification and ossification do go hand in hand throughout 


the reparative state, and even though it is difficult if not impossib! 


€ to 
separate each into clearly defined stages, vet there are intervals in whic! 
one will predominate over the other. Calcification is at a peak by the 


tl 


fifteenth day, but ossification is found to be progressing rapidly at th 
same time. Subsequently ossification increases until it plays the major 
role. The cytologic elements involved are too uncertain for one to dray 
definite conclusions, but apparently osteoblasts, osteoclasts and other cells 
are related in some manner to the formation of the osseous tissue. By 
what means the end-point was reached three days earlier on the high 
fat diet we do not know, but whatever the stimulus was that resulted i1 
earlier ossification, it was too weak to produce a reaction of sufficient 
strength to equal that of the end-point of the standard diet level on the 
forty-hfth day. Possibly the stimulus was sufficient, but the retardatio 
in calcification noted before prevented a complete reaction. 

The body weights of the controls on the high fat diet fell throughout 
the experiment, except on the thirty-third dav. However, the weights 
were consistently greater, and did not fall as low as they did in ihe 
controls on the standard diet. Food intake in these rats was less than 
the standard diet group, as well as more irregular from interval to 
interval, but when we note that it takes roughly but 2 Gm. of the hig! 
fat diet to give the same caloric value as 3 Gam. of the standard diet, we 
find a situation entirely different from that we had expected. It was 
found, several years ago, by different workers that rats tend to consum 
only enough of any given diet to give them the required calories. Thus 
we should expect and did find that the animals on the high fat diet ate 
about the same number of calories on the high fat diet as they did on the 
standard, although the quantity of food actually consumed was less. 

The animals with fractures showed a similar agreement between the 
number of calories ingested on the high fat and on the standard diets 
In addition, they afforded additional evidence of the relatively close 
agreement between the animal weights, the food consumed and the break- 
ing strength of the fibulae. This was possibly more clearly shown 1 
the controls, but nevertheless was evident here also. The stimulating 
effect of the fractures, which was followed by an increase in the bod) 
weights and in the amount of food taken by the rats, observed to occur 
in the fracture group on the standard diet up to the fifteenth post- 
operative day, did not take place in the same fashion in rats on the 
high fat diet. On the contrary, there was a loss in weight and 


diminution in the food intake on the twelfth day, but this was followed 
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se on the fifteenth day that reached a height slightly greater than 
the standard diet group. The observations on this interval may 
fault, for both before and subsequent to the twelfth day the two 


tralleled each other comparatively closely in respect to the weights 


animals on the diets. 


SUM MARY 


\lbino rats between 190 and 300 Gm. in weight on a Moise and 
high fat diet showed a fluctuating normal fibular breaking 
treneth ratio. This varied with the length of time that the animals were 


2. The body weights and the quantity of food consumed by the 
tracture-free controls diminished throughout the experiment. The 
losses were in practically all cases noticeably less than those seen on a 
Moise and Smith standard diet. 

3. The diet was well tolerated by the animals after the first week. 

}- A series of rats in the same age and weight group and on the 
ame diet for the same time had their right fibulae fractured. 

5. The primary callus was formed by the fifteenth day, as it was 

m the standard diet. However, its strength had been attained more 
slowly, and did not reach such a height as did the callus of rats on the 

ndard diet 
6. The drop in strength, occurring simultaneously with the appear- 
nce of the medullary cavity between the fifteenth and twenty-first days 

m the standard diet, did not take place on the high fat diet until the 
twenty-fourth day. 

lhe end-point of the fractured right fibula was assumed to have 
reached by the group on the high fat diet by the forty-second day, 
reas 1t had not been reached in rats on the standard diet until the 
ith day. In each group a characteristic abrupt increase in 
trength began three days before the end-point was reached. 
S. The fluctuations observed to occur in the strength of the unfrac- 
tured left fibula coincidentally with similar fluctuations in the healing 
strength of the fractured right fibula in rats on the standard diet took 


1 


place on the high fat diet but to a lessened extent. 


¥. The strength at the end-point of the unfractured left fibula in 


rats on the high fat diet was the same as the strength of the unfractured 


bula in the group on the standard diet, though the first was 


| on the forty-second day and the second on the forty-fifth. 
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10. The animal weight and food intake of the controls decreased 


throughout, though to a less degree when the caloric differences jy, th 
two diets were considered. 


11. In the case of the fractured lot the animal weights and quantity 


of food consumed also changed from interval to interval, but showed 4 
greater tendency to maintain a balance than in the controls. This was 
a rough parallel of similar findings on the standard diet except that 
weights were somewhat better maintained on the fat diet. 

12. The close relationship between breaking and _ healing strength 
and the weight of the rats as well as the quantity of food that the 
will ingest was again brought out in this study. 


13. The value of the roentgenogram up to the formation of the 
primary callus was again noted. Subsequent to that time it affords 


an unreliable index of the true callus strength. 


14. Explanations for the low strength ratios of the fractured right 
and the unfractured left fibulae in the fracture group of rats were 
considered, in addition to the probable reason for an earlier end-point 
It was assumed that the difference lies in an increase or decrease 
some substance elaborated by the fracture, as the fat-soluble vitamins .\ 
and D and the salts of calcium and phosphorus were the same in this 
diet as in the standard. This assumption was based on the belief that 
the diet was 95 per cent utilizable, as reported by Smith and Moise, 
which seemed borne out by our own results in the case of the controls 
on the high fat diet. The possible relation of this substance to phos 
phatase and parathyroid hormone was considered. 


CONCLUSIONS 


1. A diet of which fat made up 86.2 per cent of the total calories 
and which was free from preformed carbohydrates produced in the 
albino rat, free from fractures, a fibular strength average closel) 
approximating the normal breaking strength as determined in rats o1 
a standard diet. 


2. The diet in this control group was well tolerated, but was followed 


by a progressive loss of body weight and diminutions in the quantit) 
consumed from the sixth to the forty-fifth day on the diet. In each 
case this loss was somewhat less than had occurred under the same 
conditions on the standard diet. 


3. In the fractured rats on the same diet the fractured right fibula 
increased slowly in strength to the fifteenth day, when the primar) 
callus was formed. <A slight rise in strength over the same elapsed tim 
took place in the unfractured left fibula. Decreasing strength was 
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the medullary cavity developed in the fracture, and increasing 
as the cortex thickened and the callus reorganized. Healing 
ssumed to be complete on the forty-second day. The changes in 
in the fractured right fibula were paralleled by those in the 
tured left fibula. The height reached was less than that on the 
lard diet, but the end-point was attained three days earlier on 
gh fat diet. 
he animal weights and food intakes remained more constant 
the controls. Weights especially were well maintained, and 
agreed with the weights on the standard diet. The breaking 
eth again was seen to be correlated with the rat’s weight and the 
tity of food that it ate. 


5. The value of the roentgenogram after the fifteenth day as an 


lex of callus strength is once: more questioned. 


6. The necessity for more detailed knowledge of the factors con- 
erned in calcification was made evident. 


COMPLETE DATA FOR HIGH FAT DIET 


relation Between Fibular Length and Fibular Strength in Controls 


on the High Fat Diet 


2Cm. 2.1 Cm. 2.2 Cm. 2.3 Cm. 2.4 Cm. 
_ = when — ae am, . aie — A ‘ 
Left, Right, Left, Right, Left, Right, Left, Right, Left, Right, 
Gm. Gm. Gm. Gm. Gm. Gm. Gm. Gm. Gm. Gm. 
355 320 350 325 395 370 450 425 650 550 
295 300 200 240 B85 435 b25 670 530 0 
240 260 265 575 210 465 570 690 825 
200 530 510 600 625 550 590 625 450 
200 505 500 375 330 345 
270 353 365 45 350 350 
330 323 300 480 530 675 
560 400 390 540 620 615 
200 300 390 a25 990 ORO 
340 S85 405 560 DO 575 
260 510 600 425 445 
420 475 450 430 425 
260 475 445 600 0 
00 475 450 905 520 
ISD DOD 400 
310 


200 


305 


635 


il combined meat . 07 509° None this length 


eontro combined 


482 





Tas_e 3a.—Correlation Between Fibular Length and Animal W eight 


on the High Fat Diet 


\rithmetice 
Normal normal arithmetic mean 


Standard control arithmetic mean 


Correlation Between wmal Wetght and Fibular Strengt 


on the High Fat Diet 


.Gm 226-250 Gm. 251-275 Gm 

Right, Right, Left, Right, 

Gm Gm. Gin. Gm 
$05 4 0 
245 


Arithmetic mean 


Combined arithmetic mean 

Combined arithmetic mean of nor 
mal normals e 

Combined arithmetic mean of stand 
ard controls 





Breaking Strength Ratios of Controls on 


Weight (W) 


\t Oper To 
ation (10.W)? 


High Fat Diet 


Force (F) Ratio (R) 


A ~ a“ 
Rigt Left Right 
220 248 
212 


344 





TABLE 5a.—Breaking Strength Ratios of Controls on the High Fat 


—Continued 


Weight (W) 

Post- - ~ -~ Force (F) 

operative Rat At Oper To _ ; 
Day Number ation (10.W)?/8 Left 


Ratio ( 


Right Left 

0 2440 300 208, 505 
2441 20 169. 
2442 232 175.: 


520 243 
200 180 
) 450 271 
94453 190 153. k 340 238 


Mean 


Mean 


TABLE 6a.—Animal IVeights and lood Intake of Controls on High Fat 


Weight of Rat 
Post — 


operative Rat At Oper 
Day Number \t Start ation At Death 

6 604 2D ; 238 30 
2605 240 ; 216 

2606 200 

07 250 


Mean eae 259 


Food Consumed 


Start to Operatior 
Operation to Death 


30 
270 4} 
212 
234 
233 
205 
264 
180 
Mean 


12 


Mean 


Mean 


21 





Oa 


—Continued 


Weight of Rat 
Rat At Oper 
Number At Start ation 
2491 06 205 
2492 300 300 
49) 275 P85 
404 00) 208 


45 


Summary of Animal Weights and looc 


High Fat Diet 


Food 
Consumed 
per Day from 
Operation to 
Death, 
Gm. 


Difference in 

Weight from 

Operation to 
Death, 
Gm. 


Weight at 
Operation, 
Gm. 

4? 4.67 
»] 


DF 


Animal Weights and kood Intake of 


Controls on High Fat Diet 


Food Consumed 


Start to 
Operation 


Operation 
to Death 
178 50 111 
300 43 151 
200 Ss? 271 
176 73 107 


229 


Death 


Liye 160 


260 53 171 
POD 5 ~61 
155 11 
200 229 


290 P03 


299 


211 


1 Intake of Controls on the 


Difference in 
Weight from 
Operation to 
Death as 
per Cent of 
Weight at 
Operation 
ed | 
0.0 


Food Consumed 
per Day from 
Operation to 

Death as 
per Cent of 
Weight at 
Operation 


6.28 
7.60 
0.37 
s.40 

“50 
2.11 
2.71 

1 


op 





7a.—Breaking Strength of Fracture Group on the High Fat 


Weight (W) 
Post ' Foree (F) 
operative Rat \t Oper To 

Day Number ation (10.W)? Left Right 


@ 1797 ORO 198.6 340 10 
17H 4° 180.55 ou 
1808 7 196.3 275 
1810 ‘ 191.5 395 
ISIS 173.2 
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—Continued 


Weight (W) 


At Oper To 
ation (10. W)? /3 Left 


Force (F) 


Ratio (R) 


Right Left Right 
“M) 15S. 200) 225 ISS 142 
22. 170.2 42° 275 20 16? 
30) 174.: ve 29 215 160 
af) 198, 170 oO 
si 201.5 450 


215 16h 
+ 1 


13s 


and Food Intake 
High Fat Diet 


Weight of Rat Food Consumed 
\t Oper 


Start to Operation 
\t Start ation Death Operation to Death 
nt) 
240 


De 





FABLE 8a.—Animal Heights and Food Intake of Fracture Group 
High Fat Diet—Continued 


Weight of Rat Food Cons 1 
Post _ “~ Nn . 
operative Rat At Oper Start to Operatior 
Day Number At Start ation At Death Operation eath 
Is 1874 210 208 160 86 
1877 250 240 232 53 
S70 250 292 288 o0 . 
1s80 250 238 230 75 
2180 234 230 236 4t} 4 
“181 200 200 POD DG { 
Mean beet 237 235 225 68 
a S85 LSS "00 205 60 
Iss v2 10s 200 40) 
1887 106} 195 2035 60 
Isv4 210 2 s12 62 
2192 260 205 292 70 “ 
Mean 209 218 22Z 60 
24 1853 222 100 208 1 44 
lso4 259 239 219 42 j 
1865 195 190 187 4 7 
1s nD 242 247 2 { 
2100 INT 300 308 47 ‘] 
Mean 45 232 234 9 14 
24 Is7l 218 20 212 5d 4? 
1873 225 205 236 30 2 
1878 240 246 255 64 by 
ZISS 320 00 532 66 197 


P86 200 196 190 44 152 
Mean eu 241 233 245 52 


30 Iss4 230 234 248 6 


) 4s 
Is47 192 190 ISD » 129 
Is48 240 246 2-0 44 160) 
1850 220 235 230 57 127 
2187 100 300 310 45 “4 
2193 282 282 300 25 95 


Mean peas 244 248 254 43 17¢ 


33 1857 20 915 2°68 45 
1860 MHD ISS POS Oo ") 
1862 210 231 262 67 4 
1st 240 235 225 4? 87 
2582 204 278 236 is i0 
Mean ica 258 259 249 53 Is 


36 200 200 42 4 
210 222 a) Ww) 
PD 230 ui} ( 
ae 8 es) 4” “L 
YSt Usb 





Mean 248 244 232 4? ; 





9 ISS 36 40 
1846 282 42 ‘ 
1840 at) 44 
1S63 240 250 4 
1870 252 248 47 





Mean a 249 254 252 47 ts 


42 1821 210 230 262 
1822 280 295 333 62 1.0 
1826 POD 202 340 50 
IN? 22 9 240 1s 


Mean ee 49 260 204 o4 5 


4 T8350 1 208 226 4 
S31 200 212 212 2 
1838 220 229 252 a¥s) ‘ 
Is44 10 198 202 $5 


Mean 201 210 22: 49 








fnimal Weights and Food Intake of Fracture Group 
on the High Fat Diet 


Difference in 
Food Weight from 
Difference in Consumed Operation to 
Weight from per Day from Death as 
Weight at Operation to (operation to per Cent of 
Operation, Death, Death, Weight at 
Gm Gm. Gm. Operation 
0 S.17 0.0 
0.45 
4 
2 ab 
~% 
™ 


51s 


Food Consumed 
per Day from 
Operation to 

Death as 

per Cent of 

Weight at 

Operation 
3.16 
1.97 
271 
bol 
2.97 
2.62 
46 
2.18 








\DAMANTINE EPITHELIOMA 


RICHARD F. C. KEGEL, M.D. 


BALTIMORI 


\damantine epithelioma has long been known and well described 
as an entity. [xcellent case reports have appeared in the America 
literature with reviews of continental papers, but no large number of 
cases has been presented. Because of this and the high percentag 
of recurrences after a primary operation, a_ series of thirty-fiv 
cases is herein reported together with the discussion of the differ 
ential diagnosis of central cystic tumors of the jaws and certain obser- 
vations on their histogenesis. This series is based on the records of 
the Surgical Pathological Laboratory of the Johns Hopkins Hospital 
and includes patients from the wards of the Department of Surgery 
from the private clinic of Dr. Joseph Colt Bloodgood, together with 
scattering of cases from other sources referred to this laboratory for 
diagnosis. 

The jaws are a region in which both dentisty and surgery overlay 
with a resulting confusion of the boundaries of specialization. The sur 
geon is well equipped to attack late, easily recognizable, malignant proc 
esses arising in this region. He is not always prepared, however, t 
differentiate between an early malignant process and the more commot 
dental pathologic changes. The dentist, on the other hand, meets wit! 
neoplasms so infrequently that an early case is usually misdiagnosed 
Since advanced neoplasms of the jaw are now rarely seen, the surgeot 
of necessity must learn to recognize atypical pathologic changes in the 
jaw and to rule out early malignant processes. This is fundamental to 
the present-day diagnosis and treatment of neoplasms in the region of 
the jaws. 

THE LITERATURE 

No attempt is made here to present a review of the literature o1 
adamantinoma, which begins with Broca' (1869), who derived thes 
tumors from the enamel organ, and Malassez ? (1885), who contributed 


From the Surgical Pathological Laboratory of the Johns Hopkins Hospital 
and University. 


1. Broca: Recherches sur un nouveau groupe de tumeurs designe sous 
nom d’odontomes, Gaz. hebd. de méd. et chir., 1868. 

2. Malassez: Sur le role des débris épithéliaux paradentaires, Arc! 
physiol. norm. et path. 5:309, 1885. 
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ental anatomic and pathologic study of the jaws and teeth. 
ese early investigations, scattered case reports have appeared. 

Steensland * collected twenty-one cases from the literature ; in 
ewis ? stated that there were seventy cases to be found, and in 
urphy ® estimated the number to be one hundred. From the 
of reported cases it might be inferred that the adamantinoma is 
rare tumor. It is not to be doubted, however, that most cases 


recognized, as Simmons ® noted in reporting twelve of his own 
s. For the most complete bibliography to be found in the American 
literature the reader is referred to Murphy.* Roemer‘ has reviewed 
he entire literature. 
CLINICAL COURSE 


Sit The site of origin of the adamantinoma is noteworthy, the 
nor showing a marked predilection for the lower jaw. Of the thirty- 
five cases in this series, twenty-nine were of the lower and six of the 
upper jaw. In the lower jaw the molars are the most frequently 
fected, and while the specific tooth first encroached on is seldom noted 
the history, the site of the third molar was nevertheless mentioned in 
seven instances. The bicuspids, canines and incisors are infrequently 
lved. Only two tumors began anteriorly, one involving the svmphy- 
lhe upper jaw is less frequently affected. Of the six tumors in 
this location, four began anteriorly and two posteriorly. All of them 
nvolved the antrum by direct extension. In only one of these cases was 
the tooth of origin mentioned, the lateral incisor being implicated in this 
nstance. 
Race and Age Incidence —Ot the thirty-five patients, eighteen 


females and seventeen were males. Scudder * and others, how- 


lave noted a higher incidence among women. Fourteen patients 
were colored and twenty-one white. Since all but one of the patients 
Dr. Bloodgood’s series, as well as most of those in the referred cases, 


were white, this is not a representative ratio. The true ratio is to be 


und in the group of patients from the surgical wards of the Johns 


lopkins Hospital. Of seventeen patients, eleven were colored and six 


were white. The proportion of colored to white patients in the surgical 


3. Steensland, H. S.: Epithelioma Adamantinum, J. Exper. Med. 6:377, 1905. 
4 wis, Dean: Multilocular Cysts of Jaws, Surg., Gynec. & Obst. 10:28 
910 
lurphy, J. T.: Adamantine Epithelioma, Radiology 3:377 (Nov.) 1924. 
mmons, C. C, Adamantinoma, Ann. Surg. 88:693, 1928. 
emer, O.: Die Pathologie der Zahne, in Henke, F., and Lubarsch, O.: 
h der speziellen pathologischen Anatomie und Histologie, Berlin, Julius 
1928, vol. 4, no. 2, p. 89. 
udder, C. L.: Tumors of the Jaws, Philadelphia, W. B. Saunders Com 
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this hospital over a twenty-five year period was 1:6. Using 

tor. the corrected ratio of colored to white patients is 11:1, dem- 

x a significantly high incidence of the adamantinoma among the 

race. This finding corroborates the observation of Graves,” 

whi ed that dental tumors were more common in Negroes than in 
white persons. 


e age at which the patient first notices the tumor is usually 


between 11 and 35 years; twenty-five tumors appeared in this period, 


only one occurred earlier and eight later. The extremes of age 


ind 53 years. Figure 1 compares the age of onset in this series 


© - E. Schmidt 76 cases 
x RFC. Kegel 34 cases 


g. 1—Chart showing age of onset of adamantinoma in the seventy-six cases 


Schmidt and the thirty-four cases of the present series. 


that in the seventy-six cases reported by Schmidt.'" Eleven cases, 
proximately one-third, fall in the second decade of life. This period 
rresponds to the time of eruption of the molar teeth and is also the 
| of greatest incidence of the dentigerous cyst. Many patients 
undoubtedly fall within earlier age groups were it not for the 
t the rate of growth of some tumors is so slow that they remain 
nized for vears. 

’ Growth—The rate of growth of the adamantinoma is slow, 


luration of the tumor is lengthy. Seven cases showed a dura- 


(sr es, S.: 
*. 154:313, 1917 


idt, E., cited by Roemer (footnote 7) 


\ Case of Adamantinoma Showing Epithelial Pearls, Am. ] 
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tion of the primary tumor of fifteen years or more. Occasionally. - 
recent rapid increase in size in a tumor that had remained stationary 
years brought the patient to the hospital for operation. As evidenced 


by the lengthy duration of the tumors, there is seldom any pain ¢ xcept 


occasionally in the beginning. It is rather because of the facial deform. 
itv that the patient seeks surgical intervention. 

Physical Examination—The tumor may be of great size (fig, 2). 
Growths the size of a fetus’ head have been reported. In these days. 
however, it is rare to see a growth larger than a silver dollar, most 
patients appearing when the swelling is quite small. On examination. 
the tumor presents a symmetrical, usually lobulated swelling of the jaw 
which extends outward and encroaches but little on the buccal cavit) 
The tumor varies in consistency, depending on the degree of bone expan- 


sion. Sensations as markedly different as fluctuation, parchment crep- 











Fig. 2 (Path. no. 27496).--Adamantinoma of seven years’ duration in a colored 


girl aged 13. 


itation and bony hardness are found. Soft areas later may become bony 
hard owing to the laying down of reactive bone. These physical signs 
are characteristic of all central jaw lesions that have reached a size sufh- 
cient to expand the bone; none is pathognomonic of the adamantinoma. 
The signs merely distinguish the periosteal from the central lesions. 

The skin over the tumor is not adherent; the mucous membrane 1s 
usually intact except when a fistula exists. In this series there was 
found no evidence of lymphatic involvement, and the. lymph nodes were 
not palpable unless the tumor was infected. 

When the tumor has expanded the bone to paper thinness, rupture 
into the oral cavity occurs, with a discharge of fluid. A discharge was 
noted in twenty cases. The discharge varied in color from yellow 
to brown, sometimes blood-tinged, rarely frank blood, and in con- 
sistency from a watery to a serous fluid. Following rupture, a fistula 
usually persists and drainage continues intermittently. In three cases 
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ivelitis resulted by infection through the sinus, complicating the 
lesion so that before operation it was thought to be a simple 
elitis of the jaw. The gross pathology at operation, verified by 


ections, determined the diagnosis. 
upper jaw, extension into the antrum was almost inevitable, 


y the clinical picture so that all the tumors of the upper jaw 
linically diagnosed as primary malignant processes of the antrum. 


onversely, in our files of adamantinoma there were found cases of 


I 











Path. no. 40822).—A recurrent adamantinoma producing a_ polycystic, 


| lesion of the mandible 


}carcinoma, one of which was reported in the literature as a dental 
Murphy). New '! reported that of 168 malignant processes of 
‘um of Highmore occurring in an eight year period at the Mayo 
irty-nine, or 23 per cent, were malignant processes primary 
pper jaw and secondarily invading the antrum. Carcinoma of 
im has its highest age incidence after 50 years, and its rate of 


Treatment of Malignant Tumors of the Antrum, J. A. M. A. 
1920 
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growth is much more rapid than that of the adamantinoma, tw 
mental points of differentiation. 


Roentgen Appearance.—The roentgen appearance of the ad: 


al 


\ 


epithelioma of the lower jaw is that of a central bone expansive tumo, 


The bone is bulged outward with clearly demarcated outlines that sh 


none of the fuzziness of osteomyelitis or invasive carcinoma of the gy 


nor is there a periosteal reaction. The lesion may be either monoeyst 
or polycystic. A polycystic tumor that produces a honeycombed appear 


ance throughout the entire jaw has been described as characteristic 


Fig. 4 (Path. no. 3635) —Roentgenogram of an adamantinoma of the mandi 


Note the bone expansive polycystic appearance. This is a rare site. (Cf. fig. > 


the adamantinoma, although the root cyst and the giant cell tumor ma 


present the same appearance (fig. 3). As I '? pointed out in a previous 


paper, dental root cvsts of more than from 3 to 4 cm. in diameter, th 


dentigerous cyst, the giant cell tumor and the central fibroma, ar 
central bone expansive growths which produce roentgen lesions that 
cannot always be distinguished one from another and from the foregomg 
two types of adamantine epithelioma. In most instances the roentgen 
gram is of value only in distinguishing a central from a periosteal lesio 
and in ruling out osteomyelitis. , 


12. Kegel, R. F. C.: Central Tumors of the Lower Jaw, Radiology 16:2! 
(Feb.) 1931 
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the adamantinoma is in the upper jaw, in which _ position 
f the antrum invariably occurs, the roentgenogram is of little 
value. The use of injections of iodized poppy seed oil 40 per 
the antrum has been suggested as an aid in differentiating 


intrum tumors from secondary growths of the jaw. It is of~ 


lue when the bulged-in wall of the antrum is still intact. 


tgen Diagnosis —The small dental root cyst, the end-result of 


peridontitis, has a roentgen appearance quite typical because of 


(Path. no. 40810).—Roentgenogram of a dental root cyst of the man- 


s lesion is also polycystic and cannot be diagnosed from the x-ray film 


cq 


eriapical position about a nonvital tooth the apex of which may show 


idences of erosion by the inflammatory process. When, however, the 
1 


comes large so that its connection with a nonvital tooth can no 


“s\99 


e easily recognized, it is frequently impossible to rule out the 
mon jaw lesions. Figure 5 shows a polycystic lesion which at 
was found to contain granulation tissue and two cystic cavities 
led with puslike material. This is a dental root cyst. Compare this 


e 4, a roentgenogram of an adamantinoma in the same jaw site. 
esions are polycystic. 


Whenever a small cyst :s found related to 
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a tooth, it is well to test the vitality of that tooth with a galvanic curren 
The finding of a vital tooth rules out the periapical root cyst. 
The dentigerous cyst, a rare lesion arising from a cystic degeneration 
of the enamel organ, cannot always be diagnosed with certainty in th 
roentgenogram because of its contained tooth or tooth remnant, sinc 
adamantinoma in young persons, as well as giant cell tumor, which jn 
the jaws has its highest incidence in patients under 20 vears of age, may 
contain nonerupted teeth. In adults the adamantinoma has been known 
to override a molar tooth, producing a roentgen picture of a dentigeroys 
cyst ( fig. 6). 








Fig. 6 (Path. no. 27596) —Roentgenogram of an adamantinoma situated 
the angle of the mandible and expanding the walls of the ascending ramus so that 
the bone is not visible in the picture. Note the molar tooth that the tumor |! 
overridden 


The giant cell tumor of the jaw shows a predilection for the ang 
and the symphysis of the mandible (Geschickter and Copeland "*). I 
both positions its roentgen appearance, because of the trabeculation, ma) 
simulate a polycystic adamantinoma. A clinical diagnosis can usually 
be made because of the rapid rate of growth of the giant cell tumor 
seven months being the average duration of jaw cases. The rate 0! 
growth of the root cyst and the dentigerous cyst, however, is the sam 
as that of the adamantinoma. 

13. Geschickter, C. F., and Copeland, M. M.: Qsteitis Fibrosa and Giant Cell 
Tumor, Arch. Surg. 19:169 (Aug.) 1929 
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lent with the swelling of the early tumor, which may not be 
the patient, the first symptom referable to the growth as 
histories of the cases presented is loose teeth. Since this is a 
mon symptom found in pyorrhea, dental caries, periostitis and 
plaints, a careful investigation to rule out neoplasms was 
le. Symptomatic treatment was given; the loose teeth were 
In fourteen cases a history of early extraction was found. 


frequent primary treatment was lancing, and in a few instances 


Aui vas obtained. There is no doubt that if adequate roentgen studies 
ade at the appearance of this early symptom of loose teeth, a 
stic lesion would have been revealed the dissimilarity of which to the 
tven appearance of a small root cyst would have called for a diag- 

sis based on the examination of tissue. 





nstances it would appear that the extraction of the tooth 


he progress of the disease, because an increase 1n symptoms 
s noted atter extraction It is probable that following the trauma ot 
e epithelial 


ial elements are stimulated by the richened vascular 


le the connective tissue is diverted to reparative rather than 
reactive activities. 


Pathology—TVhe gross pathology of the adamantine epi- 
haracteristic. The tumor may be divided 


into two groups, 
id the solid. 


There is no sharp differentiation between these 
tumors showing both a solid portion and cystic areas. On 

oft these solid tumors, moreover, show cysts varving in size 
ite almost microscopic structures to 1 cm. and more. 


Thirteen 
rs were solid (fig. 7) and thirteen were cystic (fig. 8), while eight 
hed as having both solid and cystic areas. The solid areas 
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are composed of a cellular friable tissue, varying in color from erayis| 
white to red hemorrhagic, lying in a fibrous stroma dividing the cheesy 
appearing epithelial areas into irregular islands. The glistening smooth- 
walled cysts are filled with a substance varying in consistency from a 
creamy to a watery fluid, and in color from grayish white to brown, 
Sometimes papillomas may be found projecting from the cyst wall, 
Some polycystic areas are similar in appearance to polycystic osteitis 
fibrosa. The solid primary tumors show a definite encapsulation so that 
they may sometimes be easily shelled out of their bony bed. There was 


one case in the laboratory in which a solid adamantinoma was mistaken 








Fig. 8 (Path. no. 31404).—Gross specimen of a resected right lower jaw 


mvolved by a polycystic adamantinoma. 

at operation for a giant cell tumor because of the granular and vascular 
tissue exposed, but usually the solid tumors are recognized at operation 
as epithelial. 

The largest tumors are polycystic, and since most of the contents 1s 
fluid, the tumor can be immensely decreased by puncture (Lewis*). 
Fluid, however, soon returns. The small tumors of lengthy duration 
and the recurrent tumors are usually solid. The postoperative results 
show that the cystic lesions are more apt to recur than the solid growths 

Mic roscopu Picture.—There is no constant microscopic picture ot 
the adamantinoma. The fundamental cell tvpe is the basal cell, but all 
the degrees of differentiation of the enamel organ are found. Depend 


ing on this degree of differentiation, the tumor may be divided into t 
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2977). —An old photomicrograph of an adamantinoma. The pattern of the gross 


t form is well revealed. The peripheral cells are transitional. 
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groups, the adult (figs. 9, 10, 14, 15 and 16) and the undiffe: 


forms (figs. 11 and 13). The adult form is most frequent 


~ 


Lying in a stroma of widely varying cellularity are strands of epi 


Fig. 10 (Path. no, 17524).—Photomicrograph of an adult adamantinoma. Th 
stellate reticulum shows beginning cyst formation by an increase of intracellular 
fluid. Peripheral columnar cells and adjoining transitional cells can be dist 


guished 


sometimes very broad, sometimes quite thin, which branch out wit 


; 


multiple interconnections to form an epithelial network of tant 


configuration (fig. 9). The peripheral. laver of cells, when cyln 
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ed in a palisade formation. 


, ] 
ntl 


The nuclei are situated basally, 
1e limiting membrane, so that an area of less dense cytoplasm 


Next 


es between the fibrous tissue and the cell nuclei (fig. 12) 


ig. 11 (Path. no. 44222)—Photomicrograph of an undifferentiated adam- 
(Note the peripheral basal cells which cut transversely appear as round 
Degenerative changes consisting in keratinization with the formation of 
pearl-like structures are to be seen in the center, a prelude to cyst 


eripheral laver lie the transitional cells, which merge into the 


n iped cells of the central portion of the epithelial strand ( fig. 
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10). These stellate cells are less closely packed than the a 


transitional cells. An increase of intercellular fluid pushes the 


so that the cytoplasm of contiguous cells is connected by thi 





So Ne “5 | yy 


‘¥ 








Fig. 12 (Path. no. 42439).—Photomicrograph of a recurrent adamantinoma 
showing a marked tendency to alveolar formation. The peripheral, tall colun 
cells lie in palisade arrangement. The pseudocyst formation in the fibrous strom 
is caused by mucoid degenerative changes. The basement membrane is closel 


adherent to the epithelial cells. 








the peripheral 
le up of transitional cells of a morphology similar to the 


IMANTINE EPITHELIO 


laver, instead of being composed of cylindric 


lls of the enamel organ (fig. 9). 














solid adamantinoma in 
found 





3 (Path. no. 10834).—Photomicrograph of a 
resembling adenoid cystic basal cell carcinoma are 


m epithelial degenerative changes. 


tk ireas 


cysts arising tr 


e less differentiated form, basal cells only are seen. These 
lls are arranged in solid clumps frequently of papillomatous 
ion. In such forms there is no differentiation of the periph- 
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eral cells into columnar cells, although a palisade arrangement | 


found. The outermost cells have oval, deeply stained nuclei o| 


granular protoplasm. The cytoplasm is sparse, and the cells |; 











Fig. 14 (Path. no. 44954).—Photomicrograph of an adult adamantinom 
which the fibrous stroma (below) is composed of plump, oval fibrospindl 
Note the mitoses marked by pyknotic figures. In the epithelium (abov: 


formation is seen. This is a so-called adamantinoma sarcomatodes. 


delicate stroma. In cross-section the oval nucleus appears round s 


i 


in some areas the tumor resembles a spindle and round cell sarcoma 





EPITHE1 


EGE LDAMANTINE 
ral portion of these epithelial sprouts degenerative changes 
characterized by an increase in the amount ot 
the cytoplasm becomes 
ow It). 


ly found, 
take place 


enti 
may 


Keratinization 
e nucleus becemes fainter and finally disappears (fi 


Photomicrograph of an adamantinoma with an 
The epithelial elements 


= 
mesenchyme. 


17527) 
stroma resembling primitive 
enamel orga This is a so-called soft odontoma 


es of changes is degenerative, and the basal cells show little 
to ditferentiate into the cylindric transitional and stellate types 


townd iw 
oul 11) 


the mature form of the tumor. 
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When such an undifferentiated tumor occurs in the upper 


cellularity may suggest carcinoma of the antrum. The followi 


ferences were noted in studying primary epidermoid carcinoma 











16 (Path. no. 31404).—Photomicrograph of the mucous membran 


an adamantinoma The secondary 


downgrowth of adamantine epitheliun 


risng from the mucous membrane joins the tumor beneath 


antrum and adamantinoma: Microscopically, papillomatous epidern 


carcinoma of the antrum showed mitotic figures never noted in adan 
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he nuclei were hyperchromatic; pleomorphism was abundant. 

the duration of the antrum tumors was much shorter than 
idamantinomas of the upper jaw, while the highest age incidence 
1m carcinoma was found after 50 years. 

Between these two microscopic groups of differentiated and undiftter- 
entiated adamantinoma there are transitional forms. Then, too, a 
marked fibrous tissue reaction will disturb the epithelial morphology. 
Recurrences sometimes show marked anaplasia, as Ewing '* pointed out. 
Figure 12 shows a recurrent tumor with a marked tendency to alveolar 
formation. The peripheral cylindric cells lie in a palisade arrangement. 

Cystic formation is an almost constant microscopic observation. As 
has been pointed out by earlier investigators, this may take place by an 
increase in the intercellular fluids which push the cells apart so that they 
assume a star-shaped appearance and form a tissue recalling the stellate 
reticulum of the tooth germ (fig. 10). As the pressure increases, the 
cells are finally torn apart and disintegrate into globs of pink-staining 
material. A second form of cystic formation occurs by a degenerative 
change in the epithelial cell itself with little or no evidence of secretory 
activity (fig. 11). This degenerative change consists in cell keratiniza- 
tion with the formation of pearl-like structures which later liquefy to 
become cysts filled with a creamy thick fluid. Keratinization, but without 
pearl formation, is especially marked in infected tumors. Both kinds 
of cyst formation are seen in the adult form; the secretory type ts 
rarely found in the undifferentiated form. 

Pseudocyst formation occurs in the fibrous stroma by mucoid 
egenerative changes in the connective tissue elements (Derujinsky '*). 
Such cystic areas may be lined by columnar epithelium, but the existence 
of an intact basement membrane speaks against the secretory activity 

these cells (fig. 12). An atypical form of cyst was found in 
an undifferentiated adamantinoma (Path. no. 10834), while in other 
areas cysts arising by the usual degenerative changes were noted 


(fig. 13) 


~. 


The lining of the large cysts varies from a stratified to a transitional 


of epithelium which, when its morphology is altered owing to intra- 
tic pressure, cannot be distinguished from that of the root and denti- 
rous cyst except when papillomatous outgrowths occur. These will 
how typical adamantine epithelium. This fact is of great importance, 
ng the recurrent dental root cvsts that prove to be adamantine 
mas at a second operation. What has happened is this: a mono- 


damantinoma is opened at operation; the cyst contents are 
Neoplastic Diseases, Philadelphia, W. B. Saunders Company, 


Ueber einen epithelialen Tumor im Unterkiefer (Epithelioma 


klin. Wehnschr. 3:775, 1890. 
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emptied ; the cyst lining is stripped from the cyst wall and is fom 
transitional in type, while the strands of adamantine epithelion 
in the fibrous wall or a solid portion of the tumor to one side ar: 
looked. After this incomplete removal, recurrence is inevitable. 

The stroma of the adamantine epithelioma shows no. constant 
morphology. Its quantitative proportion to the epithelial elements varies 
widely. At times the connective tissue is so reduced in amount that it 
forms small islands in large epithelial areas. The converse is also found 
Usually the stroma is quite acellular, composed of cells with slender 
spindle-shaped nuclei. Reactive and regressive changes, mucoid and 
hyaline degeneration, cirrhosis and calcification are found. In som 
instances the fibrous reaction is as marked as that of a scirrhous car 


cinoma. The limiting membrane about the epithelium may be very 


dense. When the fibrous reaction is marked, cyst formation is more 
frequent. 

In this series there are two adamantinomas to which, because of the 
distinctive characteristics of the connective tissue elements, continental 
observers have given special designations. In one case ( Path. no, 44954, 
table 1), the stroma was of such cellularity that a differentiation of 
osteitis fibrosa and fibrosarcoma was difficult (fig. 14). The epithelium 
was of the differentiated form. 

Papadimitriou,'® who presented the fourth case of this kind to appear 
in the literature, suggested the name adamantinoma sarcomatodes. His 
case was characterized by a rapid growth (as is true of Path. no 
44954) and a duration of only eight weeks before operation. This 
author does not consider the fibrous element sarcomatous, but rather 
analogous to the stroma of the giant cell tumor and the giant cell epulis 
and hence clinically benign. 

The second case with unique stroma characteristics is known 1n the 
German literature as the soft odontoma (Roemer). The fibrous stroma 
resembles primitive mesenchyme, being composed of cells of polygonal! 
nuclei, fairly dense but with sparse cytoplasm and lying in reticula 
formation (fig. 15). The fibrous stroma is shot through by growths of 
epithelium of such morphology that the early downgrowth of oral 
epithelium is instantly recalled. Areas reproducing the conformatior 
of the enamel organ are frequently seen. This tumor was locally malig 
nant, and repeated curettage failed to check the later recurrences. Thi 
patient died from the tumor. 

It is interesting to note that at the epithelial fibrous tissue junction, 
we have never observed the transformation of the stroma into edonto 
blasts. Whatever mimicry of the tooth germ occurs is shown by th 
epithelial elemefits alone. 


16. Papadimitriou, B.: Zur Histologie und Histogenese der Adamantinoms 


Beitr. z. klin. Chir. 144:556, 1928. 
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reful study of the microscopic observations in relation to the 
and rapidity of growth and to the recurrences leads me to the 
that no grading according to malignancy or prognosis can be 
\mong the tumors of a duration of ten years or more, micro- 
reas were found identical with the typical areas from tumors of 
erowth and also from tumors of less than a vear’s duration. It 
ind, however, that a case in which there were repeated recurrences 
w an atypical morphology. There is convincing evidence that 
recurrences are the result of improper treatment due to failure 
thermal or chemical cautery or to resect the jaw bone when indi- 
not to a higher degree of malignancy. For among both the 
rent cases and the cases in which permanent cures have been 
every type of histologic picture is represented. Simmons ' 


| two cases with glandular metastases, but there are none in this 


scopic Diagnosis —Under the microscope the differential diag- 

sis is important, because central jaw tumors frequently cannot be 
enosed from the history or from findings at examination. The large 
t cyst and follicular cyst and some dentigerous cysts are distinguished 
certainty only at operation. The root cyst and follicular and 
ntigerous cyst show a lining of stratified squamous epithelium and so, 
lo some monocystic adamantinomas. But in the fibrous tissue about 


cyst wall of the latter and frequently in the epithelial lining of the 


st itself, areas of stellate basal cells will be found ruling out the 
growths. While studying cases with root and dentigerous cysts 

this laboratory, four cases were found in which microscopic areas of 
intine epithelium were discovered. \ microscopic diagnosis of 
lamantine epithelioma was made, and on looking up the case histories, 
diagnosis was confirmed clinically because in all four of these cases 
tumors were recurrent. Indeed, these were the only recurrences 
tire series of cases of dental root Cysts and dentigerous cysts. It 

his reason that I believe that the so-called dentigerous cyst with a 
adamantine epithelioma described by Scudder '* and Blood- 

is either not a clinical entity but a true adamantinoma, or else a 

the transitional epithelial lining of which has been described 


as adamantine epithelium. The latter is the fact in a case 


by Barrie,’” of which this laboratory has sections. 


cell tumor was the preoperative and operative diagnosis of an 


oma in two instances because of the red friable hemorrhagic 


s. —p 184). 
( } in Bryant, J. D., and Buck, A. H. American Practice 
New York, William Wood & Company, 1909, vol. 6, p. 839. 


G Dentigerous Cyst of the Lower Jaw, Ann. Surg. 42:352 
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tissue found at operation. Central fibromas and fibrosarcomas, a 
as chondromas, can usually be distinguished by the gross patholog 
operation and always by the microscopic picture. The differential 
nosis of antrum tumors has already been discussed. 

Carcinoma of low grade malignancy arising from the mucous mem.- 
brane and secondarily infiltrating the jaw has sometimes been included 
among the adamantinomas. To this group the case described by 


Horsley *° probably belongs. This patient (case 2, Mrs. A. R. T.) died 


of metastases to the lungs in December, 1931. The microscopic picture is 


atypical. In this laboratory there are three such cases with atypical histo- 
logic findings in which a careful history showed the mucous membrane 
of the gum or lip to be the course of the primary tumor. Squamous cell 
carcinoma of the mucous membranes secondarily invading the jaw and 


producing a cystic lesion can be recognized microscopically. 


Histogenesis—The origin of the adamantinoma is still in dispute 
\t present there are three main points of view: the tumor is held to 
spring from the paradental epithelial debris of Malassez, from the oral 
epithelium and from the enamel organ itself. Each of these theories 
will be discussed briefly. 

The classic papers of Malassez pointed out the existence of certain 
epithelial remnants of the enamel organ, the paradental epithelial debris. 
In the development of the tooth, the epithelial, bell-shaped, enamel- 
producing portion of the tooth germ encapping a condensation of mesen- 
chyme extends downward into the gum to the very apex of the future 
tooth. On completion of the enamel cap, this epithelium persists as an 
irregular cell strand extending down along the side of the tooth to the 
apical foramen, while over the occlusal surtace of the tooth it persists 
as Hertwig’s sheath. These groups of cells Malassez regarded as 
analogs of the rich dental apparatus of some of the lower vertebrates 
Certain reptiles, for example, exhibit successive dentitions. To this 
paradental débris Malassez attributed the origin of root cysts, follicular 
or dentigerous cysts and adamantinoma. Bump! ably presented 
a similar view with excellent embryologic illustrations. There is no 
doubt that the paradental débris gives rise to the epithelium in the 
epithelial granulomas and root cysts. Dentigerous cysts, however, clearly 
arise by a cystic degeneration of the enamel organs, as-is proved by the 
contained tooth remnant and a vacant space in the alveolus. No 
adamantinoma has been observed early enough, however, to prove the 

20. Horsley, J. S.: Adamantine Epithelioma of the Lower Jaw, Ann. Surg 
79:358 (March) 1924. 

21. Bump, W. S.: Adamantine Epithelioma, Surg., Gynec. & Obst. 44:173 
(Feb.) 1927. 
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rigin. .As Perthes ** remarked, the fact that root cysts, which 
lly arise from these remnants, never contain enamel or dentin 
licular cysts and adamantinomas do 1s proof that Malassez’ 

rests have lost the power to form teeth or tooth remnants. 
oral epithelium has been suggested as a point of origin by some 
among whom in this country is Broders, because of the dis- 
of a direct connection between the oral epithelium and _ the 
mantine epithelium. But adamantine epithelium not infrequently 
mes in contact with the oral epithelium and sometimes invades it. In 
ne case of the present series (Path. no, 31404) such a connection of 
‘al epithelium and adamantine epithelium was observed (fig. 16). The 
istory clearly shows, however, that this was a secondary downgrowth of 
oral epithelium. The morphologic similarity common to all basal cell 
carcinomas, as witness the adamantinomas derived from the hypophyseal 
is no proof of genetic relationship. Moreover, the age incidence 
carcinoma of the gum is several decades later than that of the 

nantine epithelioma. 

fhe third view, that adamantinomas arise from the enamel organ, 
was advanced by Neumann ** and Magitot.** The adamantine epitheli- 
oma arises by a neoplastic transformation of the tooth germ, while the 
follicular cyst and the dentigerous cyst result from a cystic degenera- 
tion of the same tissue. Broca' has clarified this concept by outlining 
hree periods of tooth development: embryoblastic, odontoblastic and 
onary. When cystic degeneration begins during the embryoblastic 
period in which only embryonic tissue and no hard substances are found, 


1] 


llicular cyst is the result. Should this degeneration begin during 


he odontoblastic period during which the formation of dentin and 


namel is in progress, that cyst will contain both dentin and enamel 


During the coronary period in which the incidence of cysts is 
ghest, cysts with tooth crowns or fully formed teeth are found. Cysts 
tooth remnants or teeth are known as dentigerous cysts. Similarly, 
lamantinomas can be divided into three groups according to whether 
they contain merely embryologic elements, particles of dentin and cement 
ven small teeth. Adamantinomas of the last two groups are rare. 
those of this series belong to the embryoblastic period. The 
lontoma is a solid tumor arising during the latter periods in which 
enamel and dentin are found. 


Ueber odontogene Kiefertumoren, Munchen. med. Wehnschr. 52: 
eumann, E.: Eine Unterkiefergeschwulst bedingt durch Degeneration 


hnsackes, Arch. f. klin. Chir. 9:221, 1868. 


E.: Memodire sur les kystes des machoires, Arch. gén. de méd 
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The strongest evidence supporting the theory ot Neuma 
Magitot, which derives the adamantinoma from the germ bud, is 
tion in which these tumors arise. The region of the molars is 
of predilection. Schlosser *° found the ratio of the molars to oth 
79:14. In the upper jaw the molars and the lateral incisors are a 
Such a predilection for certain sites can be explained only by an origi 
from a tooth germ, for if the origin were from the mucous membrane 
or trom the paradental débris of Malassez, there would be no coi stant 
distribution, since any area of the jaw might theoretically give ris: 
adamantinoma. 

There is both anthropologic and embryologic evidence that cert: 


sites occasionally possess an excess of dental germ tissue. The 


of the jaw ts the site of predilection for supernumerary molars, an 


1) 


the fourth molar is the most frequent of supernumerary teeth to appear 
Zukerkandl,?" who has studied the so-called epithelial rudiments of th 
fourth molar in man, found fourth molars more commonly in Negroes 
and other primitive races than among civilized peoples. In certain of 
the higher apes, notably the gorilla, the fourth molar is generally recog 
nized. Zukerkandl considered the occurrence of a fourth molar 
atavistic development. This evidence is sufficient to prove the existenc 
of accessory tooth germs at the angle of the jaw. The strikingly hig! 
ratio of colored to white patients in the Johns Hopkins Hospital, 11 

is In perfect agreement with the anthropologic data. 

The upper jaw bears embryologic evidence in support of the toot 
germ theory. In the development of the hard palate, three units 
concerned, a central vomer and two lateral maxillae. The anlage of 
lateral incisor tooth lies partly in the maxilla and partly in the vomer 
(Braus **). When the sutura intra incisiva between the central nasal 
and the maxillary processes fails to unite, doubling of the lateral incisor 
occurs. Sometimes this reduplication is present with no other anomal) 
In this site also, follicular and dentigerous cysts arise. This is evidenc 
of supernumerary tooth germs and an explanation of the occurrence 
of adamantinoma in this site with secondary invasion of the antrun 
The oceasional finding of adamantine in other sites, such as the anterio1 
portion of the lower jaw, can be explained by postulating the existence 
of supernumerary tooth germs. That these do exist is proved by tl 
oceasional appearance of a follicular or a dentigerous cyst in  sucl 


area. 


25. Schlésser, A.: Ueber einen Fall von Adamantinem, Arcl 
124:679, 1923 

26. Zukerkandl, cited by Herbst, E., and Apffelstaedt, M.: Malformat 
+} 


he Jaws and Teeth, London, Oxford University Press, 1930, p. 189 
27. Braus, Hermann Anatomie der Menschen, Berlin, Julius Springer 
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cases of my series (Path. no. 38746 and Path. no. 40947, 
there was specific mention of the nonappearance of the third 
vhich site the tumor first arose. In the first case, the primary 
was done in this clinic, and no evidence of a third molar tooth 
at operation or in the gross specimen. The first symptom 
the patient occurred at about the age of 10 years, when a swell- 
noticed posterior to the second molar. This was lanced by a 

\ slight swelling remained in this region for seventeen years, 

an increase in size was noted. There can be no doubt that 

ma arose not from a supernumerary tooth germ but 

molar tooth bud which had undergone a neoplastic trans- 

hat manifested few growth tendencies during a period of 
vears. Unfortunately, cases in which such an origin from a 
verm can clearly be demonstrated are few because the examiner 


historian rarely note the number of teeth or question the patient 


local point of origin. Furthermore, there are instances in 
the patient himself is unable to localize accurately the site, having 
vare of the growth only after it had extended over an area 
several teeth. 
the adamantinoma shows a marked predilection to arise 
» period in which eruption of the molar teeth takes place. 
ween 16 and 20 vears showed the largest number of 
fact relates these tumors to the teeth and not to the mucous 
of the gums, malignancy of which arises several decades 
origin of a scattering of cases of adamantinoma at a later 
n be explained in a few instances by the failure of the patients 
ize the growth in its incipiency because of its extremely slow 
of growth. In other instances, it would seem that the dental germ 
lerwent neoplastic transformation at a much later date. The cause 
he neoplastic transformation has been variously ascribed to traumia, 
mechanical irritation due to crowding. 

The adamantinoma is par excellence a recurrent tumor. 
f the thirty-five cases recurrences are known to have 
[ft the eleven cases in which primary radical resection was 
are excluded from the series, the percentage of recurrences 

a conservative primary operation is raised to 79. 
series affords an opportunity to estimate the value of various 
procedures. .\ study of the ultimate results of treatment 
hat eleven patients were free from recurrences for five or more 
patients were well for less than five vears and were then lost 
rvation, and five patients were free from recurrences for less 


ears. Three patients died of the tumor and sepsis; there 


+1 


deaths after operation, and three patients were discharged 


hospital with tumors incompletely removed 
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The operative attack used in the eleven cases in which the 
vere free from recurrences for five or more years is shown in ta 

\ study of the operative attack used in the foregoing series it 
the need of radical intervention and the inefficacy of simple eu 
The most radical operation, resection of half of the jaw, is effectiy 


but mutilating. This operation was performed mainly in the early 


vears 


of this hospital, when the tumors seen were huge and the preoperatiy: 


diagnosis was carcinoma or sarcoma. A partial resection of the jay 


was performed in three of the twelve cases, while a curettage followed 
by cautery was successful in three cases. 

It will be noted that eight of the eleven were primary and thre 
recurring tumors. Many of the recurrent tumors are not included jr 


this group of cases in which cures were obtained, because the lesion was 


TaBLeE 2.—Operative Attack in Eleven Cases Free From Recurrei 


‘ 


Freedor 
tron 
Operation Operator Recurrence 
Primary resection of lower jaw on left , init. Finney 
Primary resection of lower jaw on right... sian Halstead 
Primary partial excision of jaw and glands of neck Cushing 
Resection of lower jaw following recurrence..... Mitchell 
Curettage, chemical cautery ae caplet ee iilatats oN 
Partial excision of jaw with preservation of bony conti 
nuity , Se ee ea ; : cphnks 
Resection of recurrent tumor, leaving bridge of bone: 
chemical and thermal cautery.. bene ak 
Curettage of recurrent tumor; chemical and thermal 
cautery Sonne Bloodgood 
Curettage; chemical cautery late Sain elnaaeiel ennttes Holman 
Resection of lower jaw following recurrence.............. Miller 
Radical operation on antrum; eleetrie cautery............ Crowe 


Sowers 
Churehman 


Bloodgood 


first seen by the surgeon when small and easily treated. This paradox, 
that the tumors of long duration were successfully treated while tumors 
of short duration recurred repeatedly, is explained by the radical treat 
ment accorded the former. Resection of the jaw bone was usually per- 
formed in the cases in which there were huge tumors. The small and 
therefore innocent-appearing lesion was usually lanced, incised or 
curetted on the assumption that it was a benign cyst. The recurrences 
were treated in the same manner until finally the local extension was to 
wide to be controlled. 

The inefficacy of curettage alone was shown in two cases ( Path. no 
14752 and Path. no. 17524), in which the primary treatment consisted 
of a series of repeated curettages followed by increasingly widespread 
local recurrences so that the patients finally died of the disease even after 
the most extensive operations and radiation therapy. 

From a consideration of the operative results it would appear that 
when there is a monocystic or a solid lesion with an intact bone shell 


the operation of choice is curettage followed by chemical and thermal 
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- advocated by Bloodgood.?* This procedure was effective even 

recurrent tumor, as instanced in one case (Path. no. 27596) 

there was a monocystic lesion. Bloodgood recommended 

- the tumor with a carbolic swab followed by alcohol and then 

cent solution of zine chloride. Thermal cautery follows. The 

bone shell is resected subperiosteally. This treatment 1s suc- 

| against all the small cystic lesions that are so frequently met with 

ve, whether the lesion is an adamantinoma, a dentigerous cyst, 

cell tumor or a central fibroma. On the other hand, simple 

re alone will cure only the dentigerous and root cysts and rarely 
giant cell tumor. 

When the tumor is polycystic, so that curettage and cautery are 

ible to reach all the recesses to which the tumor may have extended, 

rtial or total resection of the jaw bone is recommended. That it is not 

lways advisable to preserve the continuity of the jaw by leaving a 

lge of bone is indicated by Latenneur’s *’ experience, who “in per- 

rming a resection left the lower portion of the mandible to act as a 


lge between the resected ends. Eight years after, a cyst formed in 


his bridge. An attempt was made to destroy the growth with actual 


utery, but the growth soon returned.” When the tumor is in the upper 
Simmons ®© recommended resection of the maxilla. The defect 
the hard palate may be closed with a plate. 
\s Bloodgood and others have noted, the recurrent tumor is more 
iticult to cure because of local extension and sometimes because of an 


tual increase in the rate of growth. The fact is clearly shown by the 


all number of recurrences of the cured group. They number less 


han a third of the five year group, while they constitute one half of the 


ire series. It is therefore important to note the number and type of 


previous Operative interventions in all cases of adamantine epithelioma. 


\-ray or radium has been tried in six instances, and in none of them 
isa beneficient result been noted. The adamantinoma is radio-resistant. 
one case (Path. no. 14752), even the most skilful applications of 


1m 


resorted to after repeated recurrences failed to hinder the 


progress of the disease, which finally invaded the brain by local extension. 


mosis —The prognosis in persistently recurrent cases is not alto- 
ther dark, although it is hopeless as far as cure is concerned. The 
' rit TY)" 


it ay experience several years without symptoms between recur- 


live years is the average interval between the primary and 


operations. Eleven years’ freedom from recurrences was 


st interval noted in this series, although a longer period of 


odgood, J. C.: Method of Operative Attack for Central Lesions of the 
New York State J. Med. 24:379 (March 21) 1924. 


nneur, cited by Lewis (footnote 4). 
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forty-five years has been reported in the literature (Porzelt *’).  T] 
eleven vear period of freedom followed a resection of the lower jaw 
i case in which repeated recurrences had not been checked by curettagt 
(ne patient (Path. no. 36927) is living and has a recurrence twent 
six vears after her first svmptom and about twenty-five vears since th 
first of a series of operations extending to 1931. 

Table 3 gives the duration of life in the cases in which death was 
known to have been caused by the tumor. 

Death by direct extension through the base of the skull following 
a rupture of the bony wall with invasion of the soft tissues occurred 
in one case (Path. no. 38746). The primary operation was unavailing, 


being followed in eleven months by death. 
PasLe 3.—Duration of Life in Cases in Which Death Occurred 


Duration of Life Duration of Life 


\ge: First \fter First \fter Primary 
Path No Symptom Symptom Operation 
$752 1? years 4 years 28 years 
7924 IS years 12 years 12 years 
S74 19 years 17 years 11 months 


CONCLUSIONS 

1. The incidence of adamantine epithelioma is strikingly higher in 
Negroes than in white persons. 

2. The findings on physical and roentgen examination establish the 
lesion as central; the diagnosis of adamantinoma depends on the gross 
ind microscopic pathologic changes found at operation. 

3. Microscopically, the adamantinoma is a basal cell tumor capable 
of reproducing all stages of the early enamel organ. The fully differ 
entiated form is most often seen. 

+. The presence of adamantine epithelium in the monocystic lesion 
is diagnostic of the adamantinoma and rules out the dentigerous and 
the root Cyst. 

5. The adamantinoma arises from the enamel organ. 

6. The inadequacy of primary curettage in early cases is demor 
strated by the high percentage of recurrences. After primary conserva 
tive treatment, there were 79 per cent of recurrences. 

7. Curettage followed by chemical and thermal cautery, as advocate 
by Bloodgood under the conditions noted, is effective against all central 
jaw lesions. 


The photomicrographs were taken by Mr. Herman Schapiro. 


30. Porzelt. W Spaetrezidiv eines Adamantinome nach 45 Jahren, Arcl 


lin. Chir. 130:142, 1924 











HEAD INJURIES 


AN EXPERIMENTAL STUD\ 


S. BERNARD WORTIS, M.D. 
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NEW YORK 


HISTORICAL REVIEW 

Severe head injury occasionally results in paroxysmal convulsive 
disorders which may be focal or general. Recently some clinics have 
come to use the aerogram to outline the brain cavities in order to visu- 
alize existent normality or deformity of these spaces. However, little 
is known at this time concerning the effects of head trauma on (1) the 
predisposition to convulsions and (2) the ventricular contour. 

\n attempt to measure experimentally these effects of head injury 
is presented. 

Mention must be made of the work of others pertinent to this 
problem.’ Brown-Sequard (1851), Nothnagel (1868), Westphal (1871) 
and Goltz (1892) were able to induce generalized convulsions in animals 
following a variety of head traumas. Concurrently, Magnam (1876), 
Victor Horsley (1885), Hughlings Jackson (1885) and recently Bar- 
hour and Abel (1910), Sauerback (1913), Syz (1923), Dandy and 
Elman * (1925), Pike and his associates * (1930) and Wortis * (1931) 
have shown by the use of various convulsant drugs and dyes, changes in 
an animal's susceptibility (to neurotoxic doses) following various cere- 
bral manipulations. 


\ccepted by the International Neurological Congress at Bern, Switzerland, 
Sept. 3, 1931, Section of Investigative Neurology. 

From the Laboratory of Experimental Neurology, Department of Labo- 
ratories, Bellevue Hospital, Neurological Department (Cornell), Bellevue Hospital 
and Department of Neurology, University and Bellevue Hospital Medical College 

l. Dandy, W., and Elman, R.: Studies in Experimental Epilepsy, Bull. Johns 
Hopkins Hosp. 36:1, 1925. Wortis, S. B.: Experimental Convulsions, Am. ] 
Psychiat. 11:611 (Jan.) 1932. 


2. Dandy and Elman (footnote 1). 


3. Pike, F. H.; Elsberg, C. A.; McCulloch, W. S., and Chappell, M. N.: Some 
/hbservations on Experimentally Induced Convulsions, Am. J. Psychiat. 10:567, 


931 


4. Wortis, S. B. Head Injuries: Effects and Their Appraisal: 1. Experi- 
tal Studies of Induced Convulsions and Ventricular Distortion in the Cat, 

Neurol. & Psychiat. 27:776 (April) 1932; Proc. Am. Neurol. A., 1931, p. 
footnote 1 
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In histopathologic studies subsequent to brain injury, Cajal (1913), 
del Rio Hortega (1914), Foerster (1927), Bagley ® (1928), Foerster 
and Penfield * (1930) and Stevenson and Wortis (1931) have attempted 
to show the role of the microglia in brain injury and repair. 

Kennedy * (1931) recently described a plan for the evaluation oj 
evidence in cases of head injury. 


EXPERIMENTAL PROCEDURES AND FINDINGS 

The cat was used as the experimental animal. To appraise the 
value of certain known injuries to the brain, this work was subdivided 
as follows: (1) the effects of brain laceration, (2) the effects of 
blood in the subarachnoid spaces and (3) the effects of skull fracture. 
Groups of animals were subjected to these procedures and_ subse- 
quently given repeated injections of a standardized convulsant solution 
of camphor monobromide by a method previously described. The 
solution is made by dissolving 10 Gm. of camphor monobromide U. S. P. 
in 100 ce. of 95 per cent ethyl alcohol. Normal control animals require 
from 0.018 to 0.028 cc. of this solution intravenously per pound to 
induce generalized clonic and tonic convulsions. It is our experience 
that injections of camphor to produce convulsions, repeated at inter- 
vals of several days, over a period of four months, do not affect the 
minimal convulsant dose—an observation also made by other workers.‘ 


Brain Laceration—In one group of fifteen animals aseptic brain 
lacerations of various cerebral areas were produced. Under ether 
anesthesia, the hair over the skull was clipped and then entirely removed 
by depilatory. The skin area was washed with sterile soap and water 
and painted with 5 per cent tincture of iodine. The scalp was incised 
in the midline, the temporal muscle was retracted, and a small bit of 
bone removed by trephine. The dura was then punctured with a needle 
or knife, and the underlying cortex was traumatized (but not removed ) 
to a depth of 2 mm., over a surface area of from 2 to 3 sq. mm. In some 
instances a needle puncture of the brain was done, the products of 
trauma being left in situ. The overlying muscle and skin were sutured 
back in place, black silk being used. 





5. Foerster, ©., and Penfield, W.: The Structural Basis of Traumatic 
Epilepsy, Brain 53:99, 1930. 

6. Bagley, Charles: Functional and Organic Alterations Following the Intro 
duction of Blood into the Cerebrospinal Fluid, Proc. A. Research Nerv. & Ment 
Dis. 8:217, 1928. 

7. Kennedy, Foster: Head Injuries: Effects and Their Appraisal: I. Evalu- 
ation of Evidence, Arch. Neurol. & Psychiat. 27:811 (April) 1932. 

8. Davidoff, L., and Kopeloff, N.: Repeated Experimental Convulsive Seizures 
in Rabbits, Proc. A. Research Nerv. & Ment. Dis. 7:183, 1929. 
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The findings in this group of experimental animals have been in 
part reported elsewhere.* It is sufficient at this time to reproduce the 
results of repeated injections of camphor (table 1). 

Increased sensitiveness to a standardized convulsant was noted 
in addition to the gross histopathologic findings of: (1) meningo- 
cerebral adhesions, (2) contracting cerebral cicatrix and (3) ventricular 
distortion (which will later be discussed in greater detail). 

The Effects of Blood in the Subarachnoid Spaces.—A group of six 


animals was operated on aseptically by the following method. The 
TABLE 1.—E.vperimental Results in Fifteen Animals 


Ce. of Standardized Convulsant per Pound of Cat 


Number of 1 Day After 4 Days After 10 Days After 
Animals Injury Injury Injury 
Left motor cortex i) 0.024 0.024 0.018 
Left parieto-occipital cortex 5 0.022 0.022 0.020 
Left cerebellar cortex 5 0.022 0.022 0.020 
Tas_e 2.—Effect of Blood in the Subarachnoid Spaces in Six Animals * 
Pupils: 
EE. 4.de0ebnc.bern ae iendrd Our eGebebsehGceneusnsbads leis esenkicaebeectasst ae eeaeeon 2 
eT ae ae Ra Ae ae Ee Noe k REM tee a eye nnn gay ae es, AEA Tae ae + 


Palsies: Only transient palsies of right limb present for from 2 to 3 hours after operation 


Convulsions induced with camphor at following time periods after operation: 97 minutes 
and 2, 6, 8 (2), 9, 13, 14, 15, 18, 24, 32, 33, 41, 60, 72, 84, 89, 102 and 135 days 


Animals killed or died: 6, 20+, 33, 84, 102, 135 days 


Brain: 
Congestion ....... set i tans sil tt Geka laa ore ete seta senna aah ditinda dale tea ida ade, tak Sle ee 1 
SE. SION © ox-c-ccawsciswobdarenscceaweesecadewaberneeeeceke Senna neeyeeten eres 4 
Normal ‘ Rriatbiets aj toa heeca cas wiht Gaemumeuae ara od 2 
Sn MUU OI 5d sc-<. bn caw pW vw 0h ale ete acne erage ne alin le dee Nee Iba ea nee 6 
Meninges: 
Thickening (or adhesion) Pee ere re eS jake ; weapisdans eeennns 5 
EE aSabvdchsoskvibconeess oie beuwnahe Gr kia neiane cede abana eae Rb esses Sonne Cees Rana 1 
Each animal received 0.5 ec. of its own blood into subarachnoid space over the left 


rietal region. 


surgical approach was the same as that recorded for the series in which 
brain lacerations were produced. After removal of the “bone button” 
by trephine, 0.5 cc. of the animal’s own blood (obtained from a femoral 
or scalp vein) was introduced with a minimal amount of trauma (by 
means of a very fine hypodermic needle and syringe) into the sub- 
arachnoid space over the left parieto-occipital regions. The muscles, 
lascia and skin were closed over in the usual manner. At varying 
ostoperative periods convulsions were produced by the use of the 


tandardized solution of camphor. The results are shown in tables 
? nd 3 


9. Wortis (footnote 1). 
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Skull Fracture —Twenty-four animals were subjected to = sku 
fracture by striking the animal suddenly with a 1 pound hammer ov 
the left frontoparietal skull area. The cat would suddenly becon 
limp; many lost consciousness, and in a_ few, respiration ceased 
momentarily. 


Taste 3.—Data on Animals with Subarachnoid Hemorrhages 


Convulsant 
No. of Convulsions Dose, Ce. 
Ani- Date of Neurologic \fter per Pound 
mal Operation Signs Operation of Animal Postmortem Results 


Hl 2/10/31 Left pupil > 6 days 0.018 Animal killed sixth day after operatio 
right right> left slight congestion over left cortex: slight 
meningeal adhesions to cortex over left 
parieto-occipital region: ventricular sys 
tem normal; slight amount of blood 
first. second and third ventricles 


Left pupil > Head to Cat died twentieth day after operatior 

right: weak- right S days: 0.015 pneumonia: dura adherent to region 

ness Of right clonic begin about trephine:  osteomeningocerebral 

fore and hind ning on adhesion to outer portion of left er 

limb right side ciate suleus: ventricular system norma 
13th day 0.013 


Normal: 33 days: ‘ Animal died 33 days after operation: 
pupils equal) on manipu meningocerebral adhesion to muscle 
lation went fascia covering the trephine hole; dura 
into convulsion on left thick and opaque: ventricular 
spontaneously; system normal 
possibility of 
having used 
cocaine as local 
anesthesia: animal 
died in status 


2/10/51 Head torsion 97 min 0.025 Animal killed 102 days after operation: 
Very light to right side: 8S days slight meningocerebral adhesion to point just 
ether and left pupil > = sealp infee behind left motor cortex: dura_ is 
local for right tion drained: slightly thickened; ventricular systen 
skin no stiff neck normal 
9 days 0.018 
convulsion 
more marked 
on right side 
14 days 
“running nose’ 
So days 0.012 
102 days 0.015 


Symmetrical 2 days 0.015 ‘nimal killed sS4 days after operation: 

convulsions: 41 days 0.015 trephine hole almost closed in by scat 

pupils equal 60 days 0.015 tissue; no meningocerebral adhesions: 
72 days 0.012 brain grossly normal; ventricular sys 
s4 days 0.015 tem normal 


Left pupil > * days 0.015 Animal killed 1355 days after operatior 
right: head 15 days slight thickening and opaqueness of the 
drawn right = slight infee left dura: no meningocerebral adhe 
side tion right eye sions; brain grossly normal; ventricular 
15 days 9.015 system normal 
18 days 0.010 
24 days 0.018 
ol days 0.012 
135 days 0.012 


This series also had a definitely increased susceptibility to camphor 
following head trauma. Some associated ventricular distortion and 
meningeal hypertrophy or adhesions are recorded. The results ar 
shown in tables 4 and 5. 


After varving periods had elapsed, the animals were killed, a solu 


tion of bromoformol | (CH,),N,C.H,Br| was injected into the arterial 


system via the heart, the viscera were examined, and the brain was 
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ioved and placed in the same fixative. From seven to ten days later 

brain was examined, grossly sectioned and all abnormal changes 
oted. Some of the specimens were photographed, and finally all were 
imbedded in celloidin, sectioned, and stained with hematoxylin and 
osin or by the Loyez method. 

Control groups of intact animals were subjected to convulsions at 


inilar time intervals, and their viscera treated in the same manner. 


OBSERVATIONS ON ASSOCIATED EXPERIMENTALLY INDUCED 


SOMI 


CONVULSIONS AND VENTRICULAR DISTORTION 


Brain laceration, blood in the subarachnoid spaces and skull fracture 


which causes one or both of the previously named conditions) cause 
Inimals 


Gross postmorte! findings in 24 specimens 


Brain— Continued 
Blood in ventricular system (one 
marked hematocephalus) 
Normal 
Meninges: 
Thickened or adhesions 
Normal 
Ventricles: 
Slight to moderate general dilata 
tion (bilateral) 
Left lateral ventricle dilated 
Hematocephalus 
Slight amount of blood in ventricles 
Normal ; - iss 
Time distribution of specimens: 
Died directly following trauma : 
Killed after convulsions (camphor in- 
jections) 
Distribution: 113 minutes and 6, 9, 17, 
. ot 0 (2), 35, 56 (2), 68, 72, 93, 


102, 104, 129 and 151 days 


‘at to be abnormally sensitive to a solution of monobromates 


phor used to induce generalized convulsive seizures. This increased 


susceptibility to camphor usually can be demonstrated four days after 


njury and in most of the animals studied can be shown to persist 
a period of at least from three to four months. After this time, 

me of the animals may require the same quantities of camphor to 
generalized convulsions as are necessary for intact control 

These findings are probably related to physicochemical (and 

some instances visibly histopathologic) changes in the brain and its 
verings. Bagley demonstrated in puppies subjected to repeated 
jections of blood by the cistern route the occurrence of spontaneous 
convulsions associated with meningeal changes. Our series also shows 
occurrence of meningeal thickenings and adhesions. In cases of 

g standing with markedly thickened meninges and meningocerebral 
hesions, degenerative cellular changes occur in the underlying cortex. 
his brings to mind the clinical group of postmeningitic epilepsies, 


suggests surgical measures as a means of mitigation in cases in 
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hich the condition is refractory to intensive sedative, acidotic and 
dehydrational medication, and is not helped by air encephalography 
which reveals cortical adhesions. 

Brain laceration gives rise to meningocerebral adhesions and con- 
tracting cerebral cicatrix. Foerster and Penfield demonstrated this 
experimentally and devised a surgical method for stopping convulsive 
phenomena dependent on this pathologic process of the brain. 





Low power photomicrograph of a section of the brain of a cat twenty- 
hours after injury. The brain puncture wound filled with a blood clot. The 


roglia cells in the contiguous area began to swell in a very short while. 


SOME ASSOCIATED HISTOPATHOLOGI( CHANGES 


The tissue changes associated with brain laceration and repair have 
en deseribed by Virchow (1846), Robertson (1897), Cajal (1930) 


Stevenson '’ (1931). The role of the microglia in brain repair has 


10. Stevenson, L. D.: Head Injuries: Effects and Their Appraisal: II. The 
of the Microglia, Arch. Neurol. & Psychiat. 27:784 (April) 1932; Proc. Am 
I, A., 1931, p. 356 
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heen stressed by most of these investigators. The microglia cells are 
found throughout the nervous system, especially surrounding nerve 
cells and small blood vessels, to which vessel walls the microglia cell 
processes do not attach. The cell has a small or elongated nucleus, 
and the cytoplasm is granular and often fusiform. Whether the origin 
of the microglia 1s mesodermal (as believed by del Rio Hortega and 
Marinesco) or ectodermal ( Roussy, Lhermitte, Oberling) is not ger- 
mane to this study. 








Fig. 2—High dry power photomicrograph of a section of the brain of a cat 


ninety-five hours after injury. The microglia cells in the region of the wound have 
been transformed into compound granular corpuscles (Gitterzell). They contain 
slight amounts of fat and iron pigment. There is also swelling of the astrocytes 
in this area. 


The neuroglia is made up of the following: 

(1) Macroglia (a) protoplasmic astrocytes—found especially in gray matter. 
(b) Fibrillary astrocytes—found especially in white matter, usually attached to 
blood vessel sheath by “foot.” 

(2) Oligodendroglia—found in gray and white matter. 


(3) Microglia—found throughout nervous system. 
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is only in the latest stages of embryonic development that the 
icroglia becomes visible. According to del Rio Hortega, the two 
principal sources are: the superior choroidal membrane and the pia 
covering the cerebral peduncles and, down lower, in the inferior 
choroidal membrane and in the spinal meninges. 
\ll brain injuries resulting in destruction of brain tissue (and 
especially where the products of trauma remain in situ) are followed 


hy mobilization and changes in the surrounding microglial elements. 





ant 

ia 
Fig. 3—High dry power photomicrograph of a section of the brain of a cat 
even days after injury. Compound granular corpuscles are seen. 
| . . 
arly the cell processes are swollen and retracted and begin their 
phagocytic activities, at which time they are transformed into the com- 
pound granular cell form. By this agent, the destroyed cerebral 
elements are removed, and subsequently with the microglia still in pre- 


dominance, cicatricial gliosis begins. The other cellular elements also 


rticipate in brain repair, and some believe that the oligodendroglia 


] 


to a lesser degree the astrocytes participate in the phagocytic 


cess. Related neuroglia astrocytes (i. e., those not destroved by 
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the original trauma) undergo multiplication and enlargement. ai 
become fibrous, and finally cicatricial contraction of the scar results 
with secondary brain tissue deformity. Most often the microglial 
elements are overzealous in their phagocytic activities, and probal 
injure or destroy neighborhood cerebral tissue. 
Thus simple brain laceration may result in: (1) destruction of brain 
cellular elements (sometimes in excess of that attributable to the initial 


injury), (2) brain searring with or without related meningeal adhesions 


Fig. 


Photomicrograph of a section of the brain of a cat fourteen days after 
injury. Further astrocyte and microglial reaction is shown. 


The central collage 
core can be seen. 


and finally (3) brain deformity, often demonstrable by aerograms 01 
the ventricular cavities. 

Some of the stages of this process are depicted in the ace Mpanyving 
photographs. 


Secondary to brain laceration, the ventricular system is pulled 


toward the side of the lesion (scar), and there is usually dilatation | 


the entire ventricular system (especially the first. second and_ thi 
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entricles ) which is especially marked on the side of the lesion. This 
nding is interesting when compared with a series of ventricular 
pictures” produced by extradural sterile foreign bodies (comprising 
ipproximately + per cent of the intracranial volume) pressing into 
the brain. In this series the ventricle on the side of the lesion is 
invariably found collapsed and pushed over toward the opposite side, 


while the contralateral ventricle is usually dilated. 








Fig. 5—Photomicrograph of a section of the brain of a cat thirty-one days 
after injury. The brain cortex is shown in the region of the injury. Stained to 
show microglia. 


All the animals that were subjected to the brain laceration previously 
described had deformity of the ventricles. Of twenty-four animals 
subjected to skull fracture, nine had misshapen ventricles (of which 
seven had visible meningocerebral adhesions). Of six animals in which 
blood was introduced into the subarachnoid spaces, all had normal 
ventricles. Bagley, working with very young puppies, was able to 
demonstrate ventricular distortion secondary to repeatedly introducing 


vod into the subarachnoid spaces. He also mentioned the infrequency 
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of ventricular distortion following subjection of adult dogs to the san 
procedure. 
All these findings help in a better interpretation of the “pos 


traumatic state.” A brain subjected to trauma, depending on th 


Fig. 6.—Specimen 46 VD obtained Jan. 13, 1931. The lesion was made on 
Oct. 10, 1930. There was a meningocerebral scar over the left parieto-occipital 


cortex. The ventricle directly underneath is dilated and pulled up by the adherent 


scar. 





9 , wow 
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Specimen no. 85 from the series of animals with skull fracture. 


Fig. 7 
hydrocephalus present. The specimen was 


is a moderate degree of internal 


obtained ninety-four days after injury. 


severity of the injury, may become hypersensitive to stimulation that 
This condition may persist for varying 


Th 


otherwise would not affect it. 
time periods, dependent on underlying histopathologic changes. 
more severe instances of brain trauma undoubtedly give rise to a great 
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ercentage of convulsive episodes, and probably depend on preexistent 


erebral laceration producing meningocerebral adhesions. 


SUMMARY AND CONCLUSIONS 


\septic brain laceration, blood in the subarachnoid spaces and skull 
fracture (which may give rise to one or both of the aforementioned 
conditions ) result in the following: 

1. There may be an increased sensitiveness to a standardized con- 
vulsant camphor monobromide (in neurotoxic doses) which can_ be 
demonstrated four days after injury and which persists for approxi- 
mately from three to four months. Some animals remain hypersensitive 
to camphor after this time; others return to a normal level. 

2. There may be meningocerebral adhesions and contracting cerebral 
cicatrix. 

3. The latter conditions (2) may produce distortions of the cerebral 
ventricular system. 








VERTEBRAL OSTEOCHONDRITIS 


JOSEPH I. MITCHELL, M.D. 


MEMPHIS, TENN. 


Vertebral osteochondritis is a disease of the body of the vertebra 
which occurs during the first decade of life and is analogous to osteo 
chondritis and epiphysitis occurring in other bones during the period 
of growth. The condition was described by Calvé' in 1924 and by 
Buchman * in 1927. In a more recent article, Calvé* reviewed the 
known instances, his summary disclosing the fact that only eight cases 
are on record. I shall present the history of a patient observed at the 
Willis C. Campbell Clinic in whom the clinical and roentgenologic 
manifestations correspond in every particular to those in the cases 
reported previously. This patient had, in addition to the spinal syn 


drome, a cyst in the upper end of the right femur. 


REPORT OF A’ CASE 


History.—D. P., a boy, aged 4 years, was referred by his local physician for 
examination on Jan. 17, 1930. The chief complaints were a limp and pain in the 
right knee. The father and mother were healthy, and the family history was 
unimportant, except that an aunt had died of tuberculosis. Two months previous 
to the examination, the patient had had an attack of abdominal colic which per- 
sisted for about three weeks. One month later, the parents noticed that the child 
walked with a slight limp on the right side, and he complained of pain in the 
right knee. The pain became more severe and the limp more pronounced, so that 
for the three weeks before I saw him the child had not been allowed to walk. Rest 
partially relieved the symptoms. At times the temperature had been slightly ele- 
vated in the afternoon, and there had been progressive loss in weight since the 
onset. 

Examination—Examination showed a well developed, undernourished child 
The right knee appeared normal. There was no redness, induration or swelling 
of the thigh, but there were moderate tenderness on deep palpation over the upper 
end of the right femur and limitation of motion in the hip due to muscular spasn 


Read at the Annual Meeting of the Association of Resident and Ex-Resident 
Physicians of the Mayo Clinic, Rochester, Minn., Oct. 8, 1931. 

1. Calvé, Jacques: A Localized Affection of the Spine Suggesting Osteo 
chondritis of the Vertebral Body, with the Clinical Aspect of Pott’s Disease, ] 
Bone & Joint Surg. 7:41, 1925. 

2. Buchman, Joseph: Osteochondritis of the Vertebral Body, J. Bone & Joint 
Surg. 9:55, 1927. 

3. Calvé, Jacques: Osteo-Chondrite Vertebrale Infantile, in the Robert Jones 
Birthday Volume: <A Collection of Surgical Essays, New York, Oxford Um 


versity Press, 1928, p. 315. 
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he legs were of equal length. When the child was walking, the right hip was 
id flexed and adducted, causing a limp. The gait was also guarded, resembling 
characteristic attitude of tuberculosis of the spine, and voluntary movements 
the spinal column were restricted. Passive motion of the spine was free, and 
there was no visible or palpable deformity. The results of physical examination 
ere otherwise negative, except for moderate dental caries and hypertrophied 
nsils. 

\ roentgenogram of the pelvis and both hips was made, and, in consideration 
of the possibility of Pott’s disease with a psoas abscess, roentgenograms of the 
dorsal and lumbar spine were also requested. Two quite distinct and dissimilar 
lesions were found. In the upper end of the right femur there was a cyst extend- 
ing into the neck of the femur (fig. 1). The cortex of the bone was not expanded, 











Fig. 1. 


Cavity in upper end of right femur resembling osteitis fibrosa cystica. 
and there was no inflammatory reaction, as evidenced by production of new bone. 
Ihe second lesion involved the body of the twelfth dorsal vertebra (fig. 2). 
rhe body of the vertebra was flattened, and the opacity of the bone was increased, 
resembling the appearance of the tarsal scaphoid bone in Kohler’s disease. The 
height of the intervertebral disks above and below the lesion was increased. The 
aining dorsal and lumbar vertebrae were normal. 


ren 
r 


Che urine was clear and lemon-colored, with a specific gravity of 1.030; analysis 
Was negative for albumin, sugar and casts; there were occasional epithelial and 
is cells; red blood cells, crystals and bacteria were absent; there was a slight trace 
icetone; the reaction to the test for mucus was 4+. 
lhe differential blood count was: polymorphonuclear leukocytes, 53 per cent; 
phocytes, 43 per cent; eosinophils, 4 per cent, and hemoglobin, 69 per cent. The 
Wassermann reaction of the blood was negative. The inorganic calcium was 12 
and the inorganic phosphorus 3.6 mg., per hundred cubic centimeters of blood 
The Pirquet reaction was negative. 
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The preoperative diagnosis was osteochondritis of the twelfth dorsal vertebra 
and osteitis fibrosa cystica of the right femur. 

Operation.—An exploratory operation on the femur was performed five days 
after admission to the hospital. An incision was made over the greater trochanter, 
and a bone drill was passed into the cystic area in the femoral neck. The cyst 
contained a small amount of serous fluid, and on curettage flakes of a fibrous 
membrane and myxomatous tissue were removed. The cavity was thoroughly 
curetted and packed with chips of bone secured from the adjacent shaft of the 
femur. The wound was closed without drainage, and a plaster of paris cast applied, 
immobilizing the spine as well as the hip. Cultures of the serum and the membrane 
secured from the cavity were negative. The microscopic diagnosis was fibrous 


connective tissue, confirming the diagnosis of osteitis fibrosa cystica. 








Fig. 2.—Flattening and condensation of the body of the twelfth dorsal vertebra; 


anteroposterior and lateral views. Note the preservation of the intervetebral 


spaces in the lateral view. 


Course—The child’s temperature was elevated to about 100 F. for several days 
following the operation. It then subsided and remained normal throughout his stay 
in the hospital. Three weeks after the operation the cast was changed, and the 
wound was found to be healed by primary intention. The second cast was removed 
a month later, and a caliper brace applied to the leg and a leather corset with a head 
support to the spine. Heliotherapy was administered during the summer months, 
and a high vitamin diet, cod liver oil, viosterol and calcium lactate prescribed. 

The child’s general condition improved, he was able to walk about without dis 


comfort wearing the brace, and on repeated examination motion of the spine and 


hip was found to be free and painless. Subsequent roentgenologic observation 
Il | 


the femur showed the cavity to be filled in with new bone and the normal osseous 
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ructure to be restored gradually. In spite of the wearing of the brace, a mild 

unded kyphos developed in the dorsal spine. On Jan. 12, 1931, almost one year 
iter the first examination, roentgenograms of the spine revealed persistence of the 
flattening and increased density of the twelfth dorsal vertebra. There were observed 
it that time a similar flattening and opacity of the eighth dorsal vertebra, which 
had appeared normal in the original roentgenograms. Recumbency on a Bradford 
frame with the spine hyperextended was then advised. Roentgenograms of the 
spine made in May, 1931, revealed flattening of three dorsal vertebrae, i. e., the 
twelfth, the eighth and the third; the disease in the third vertebra developed during 
the interval that the spine was immobilized on the Bradford frame. The most 
recent observation was made on September 10. The child had then been on the 
frame for eight months. The spine was straight, painless and freely movable. 
Roentgenograms at that time demonstrated formation of new bone, with an 














Fig, 3—Eighteen months after figure 2, showing flattening of the third, eighth 
nd twelfth dorsal vertebrae. Note the regeneration of the bone in the body of 


e twelfth dorsal vertebra in the lateral view. 


attempt at regeneration of the twelfth dorsal vertebra. The contour of the bodies 
the eighth and third vertebrae was similar to that found on the previous exami- 
tion (fig. 3). 
COMMENT 
Differential Diagnosis —The etiology of osteochondritis of the ver- 
bral body is unknown. In the reported cases the age of incidence has 
iried from 20 months to 10 years. Males and females are affected 
the same ratio. Tuberculosis can be excluded, because the disease 
olves the vertebral body, while the intervertebral disks remain intact. 


he greater opacity of the bone indicates that the density is increased. 
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The tuberculin test was negative in six of the nine cases in which met 
tion of this test was made. Finally, successive roentgenograms, in th 
_ cases that have been followed through a period of several vears, hav: 


shown constant regeneration by new bone until the vertebral body ha 


reassumed almost its normal contour. 

Syphilis can also be excluded, since the Wassermann reaction has 
been negative in four of the cases. In four cases the Wassermann 
reaction was not recorded, and in one case it was reported as doubtful. 

The condition should not be confused with congenital malformation 
of the vertebral body. The malady is acquired after birth, being differ- 
ent in clinical and pathologic respects from congenital deformity. In 
addition, the case presented here is the third one on record in which 
early roentgenograms made before the deformity was present are availa- 
ble for comparison with those made after the flattening of the body 
had occurred. 

Kummel’s disease may be differentiated, because in none of the cases 
has there been a definite history of antecedent trauma. 

The search for the etiology of the various forms of osteochondritis 
has led some authors to believe that rickets is a causative factor. Not 
only have clinical and roentgenologic studies failed to substantiate this 
assumption, but estimations have shown the blood calcium and_ phos- 
phorus to be within normal limits. 

Etiology and Prognosis——The theory suggested by Calve and by 
Buchman * seems to be the most acceptable and is analogous to that given 
for the deformity in the other epiphyseal diseases. This theory is that 
there is an imbalance between the static demand and the static capacity 
of the newly formed bone. Under the influence of some cause, which 
may be infectious or endocrine in origin, the body of a vertebra softens. 
The lessened resistance predisposes the bone to be crushed by the super- 
cumbent weight of the body. 

No attempt will be made to correlate the occurrence of the two 
pathologic conditions present in the case reported. Whether the lesions 
in the femur and vertebrae are distinct pathologic entities occurring 
simultaneously, whether the same unknown factor is the underlying 
cause of each, or whether they are identical lesions occurring in bones 
of different density and subjected to different functional strains and 
stresses, as has been suggested in the case of giant cell tumor and 
osteitis fibrosa cystica, remains undetermined. The known pathologic 
facts are limited to the roentgen findings. Biopsy of the vertebral body 
is not practical, and since the disease is not fatal, the opportunity for 
postmortem examination has not been available. In the roentgenogram 


4. Buchman, Joseph, and Gittleman, Isaac: Inorganic Blood Chemistry in 
Osteochondritides, Am. J. Dis. Child. 40:1250 (Dec.) 1930. 
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in some cases the vertebral body may appear flattened, laminated and 


regular; in other cases it may be irregular and slightly wedge-shaped. 


[he opacity is usually increased, indicating an increase in the density of 
the bone. The intervertebral spaces are intact and are actually wider 
than normal. 

Vertebral osteochondritis is a true disease entity running a charac- 
teristic evolutionary course and tending toward spontaneous recovery 
with regeneration of the affected bone. The treatment consists of 
immobilization of the spine with appropriate apparatus, combined with 
general hygienic measures. 

CONCLUSIONS 

\ case of vertebral osteochondritis is presented which is believed 
to be the ninth case on record. 

Successive roentgenograms demonstrated the development of changes 
in two vertebrae that had been normal at the original examination. 
Regeneration of one vertebra is beginning one and one-half years after 
the onset. The other vertebra will probably show regeneration later. 

The small number of cases reported suggests the probability that 
the condition is being mistaken for tuberculosis of the spine, an error 
similar to that made regarding coxa plana before that disease was differ- 
entiated from tuberculosis of the hip by Legg, Calvé and Perthes. 

\ favorable prognosis for complete recovery is warranted from the 


ultimate cure in similar conditions. 


869 Madison Avenue 





URETERODURAL ANASTOMOSIS FOR’ THE 
TREATMENT OF HYDROCEPHALUS 


REPORT OF <A _ CASE 


LEO M. DAVIDOFF, M.D. 
AND 
FREDERIC W. BANCROFT, M.D. 


NEW YORK 


Our distressing helplessness in curing patients of hydrocephalus has 
led one of us (Dr. Davidoff) recently to review the treatments attempted 


for this condition from the days of Hippocrates to the present time. 


Of all the remedies so far tried, it appeared to us that the operation 


reported by Heile* for cases of so-called communicating hydrocephalus 
is the most promising. This author has now reported a number of 
cases with very encouraging results. His operation, briefly, consists 
of unilateral nephrectomy followed by anastomosis of the upper end 
of the ureter (kidney pelvis) with an opening in the lumbar dura mater. 

\We have had occasion to test this method on one patient, and 
while the case was, on the whole, an unfavorable one, it served the 
purpose of demonstrating the mechanical feasibility of the uretero- 


dural anastomosis. 
REPORT OF A CASE 


History.—The patient, a child of 21 months, whose illness dated from birth, 
was the second born of middle-aged parents. The first child, born in 1926, died 
in one and one-half hours from “hydrocephalus.” This second child was born with 
a mass at the nape of the neck, but appeared otherwise normal. At the age of 
4 weeks (April, 1928) he was admitted to another hospital in this city because of 
the mass which had grown to the size of a grapefruit. The mass proved to be a 

From the Department of Surgery, Fifth Avenue Hospital. 

1. Davidoff, Leo M.: Treatment of Hydrocephalus: Historical Review and 
Description of a New Method, Arch. Surg. 18:1737, 1929. 


2. Heile, B.: Zur Behandlung des Hydrocephalus, Deutsche med. Wehnschr. 


24: 1468, 1908; Zur chirurgischen Behandlung der Spina bifida mit Hydrocephalus, 
Berl. klin. Wehnschr. 47:2298, 1910; Zur chirurgischen Behandlung des Hydro- 
cephalus internus durch Ableitung der Cerebrospinal fliissigkeit nach der Bauchhohle 
und nach der Pleurakuppe, Arch. f. klin. Chir. 105:501, 1914; Ueber neue operative 
Wege zur Druckentlastung bei angeborenen Hydrocephalus (Ureter-Duraanasto- 
mose), Zentralbl. f. Chir. 52:2229, 1925; Zur Behandlung des Hydrocephalus mit 
Uretero-Duraanastomose, Zentralbl. f. Chir. 54:1859, 1927. 
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meningocele which was removed two days after admission. The wound healed well 
but drained spinal fluid for two weeks. After operation, the circumference of the 
head was 40.5 cm. The size of the head increased steadily until it measured 48.2 
m. when the child was discharged from the hospital eight weeks later. 

One cubic centimeter of indigo carmine injected into the right lateral ventricle 
just before discharge revealed no dye on lumbar puncture fifteen minutes later. 

In spite of the advancing hydrocephalus, the child ate well and gained weight 
normally. On Aug. 7, 1928, at a neighboring institution, puncture of the corpus 
callosum was done, evidently with the hope of establishing a new pathway for the 
fluid to escape from the ventricles. This failed of the desired effect. On August 
11, the head measured 51.5 cm. in circumference. 

The child was then started on treatment with theobromin § sodiosalicylate 3 
which, for a period of about three months, at first actually reduced, and later at 
least checked the increasing size of the head. 

Finally, in spite of the theobromin sodiosalicylate and bromides, the head 
increased in size, the child failed to develop mentally, began to have convulsive 
seizures and gradually began to lose weight and strength. 


Admussion—The patient was admitted to the Fifth Avenue Hospital on Jan. 7, 
1930. By this time, his head had grown to a circumference of 60 cm. and seemed to 
weigh more than all the rest of the child. He was undernourished, somewhat 
dehydrated and rather irritable. The fontanels were widely open and bulging 
tensely, and the sutures widely separated. 

\ dye test this time revealed incomplete but definite communication between the 
ventricles of the brain and the spinal subarachnoid space. The condition was, of 
course, desperate, and the prognosis so certainly fatal without some drastic thera- 
peutic measure that it was decided to carry out the following operative procedure : 


Operation and Course.—A left ureterodural anastomosis was performed on Janu- 
ary 9. The operation was started with a left-sided nephrectomy (Dr. Bancroft), 
the vascular pedicle of the kidney being tied and cut. Unfortunately, because of too 
much tension on the kidney, the ureter tore off close to the pelvis. There appeared 
to be sufficient length to continue the operation, however. The anterior part of 
the kidney incision was closed. The child was bent slightly toward a prone 
position, and laminectomy was done (Dr. Davidoff), the dura being exposed 
over the length of three vertebrae. The ureter was now inserted between the 
muscle layers from the lateral incision to appear in the middorsal incision. Two 
silk sutures were taken in the ureter, one on either side, and this structure was 
then split between the sutures. A probe was inserted in the lumen for orientation. 
\ small hole was now made in the dura, and the two split ends of the ureter were 
sewed by means of silk threads into this hole. A third suture was taken to anchor 
the ureter further into the dural defect. A considerable amount of cerebrospinal 
luid was lost during this stage of this procedure. This was accompanied by a 
depression in the fontanel. Closure was made of both wounds with interrupted 

1 plain catgut sutures in several layers. The child’s condition, while not very 

od at the start, was not made any worse by the operation. 

The child stood the operation rather better, on the whole, than might have 
been expected. The fontanels became concave, and the cranial bones began to 


verride. The general condition did not improve, however, and nine days after 


3. Marriott, W. McKim: The Use of Theobromin Sodiosalicylate in the 
reatment of Hydrocephalus, Am. J. Dis. Child. 28:479 (Oct.) 1924. 











Fig. 1.—Film taken post mortem showing catheter in place in left ureter before 
injection of sodium iodide. The sharp outlines of the vertebrae are to be noted 








Fig. 2—Film taken after injection of 20 cc. 15 per cent sodium iodide solution 
The outline of the ureter (U) is seen as it curves around the lumbosacral muscles 
to join the dura. The outlines of the vertebrae are obliterated by the opaque 
medium filling the spinal canal. 
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peration, under local anesthesia, a rapid jejunostomy was done, with the hope of 
increasing the food and fluid intake. About twelve hours after this procedure, the 
hild died. 

Permission was granted for complete postmortem examination. Before pro- 
ceeding to the general necropsy, a suprapubic cystostomy was done and a fine, soft 
catheter inserted into the left ureter. An x-ray picture showing the tube in situ 
was taken (fig. 1). Twenty cubic centimeters of 15 per cent sodium iodide was 
then injected into the catheter without meeting any notable resistance. A second 
x-ray picture showed the opaque medium filling the spinal canal to at least the 
cisterna magna (fig. 2), thus demonstrating the patency of the ureterodural anas- 
tomosis. The anastomotic area was then excised, and a histologic section made of 
the junction. 


Autopsy.—Autopsy showed the head to be very much enlarged in its upper por- 
tion with wide separation of a very large anterior fontanel. On removing the skull 
cap, the brain was found enlarged and cystic and in places thinned out to a trans- 
parent shell; this was especially noticeable in the left parietal region. Section of 
the brain after hardening showed very much enlarged lateral ventricles, also 
enlargement of the third and fourth ventricles and aqueduct of Sylvius; just 
beneath the posterior commissure there was a centrally placed hard area 2 cm. in 
size with a yellowish necrotic-looking center. Microscopic examination of this 
hard area at the base of the brain revealed a fibrous capsule with a central necrotic 
looking portion showing cholesterol crystal spaces, suggesting an old hemorrhage. 
There were also areas of edema. The cerebellum was normal. Section through 
the thinned out cortex showed a narrow zone of gray matter. There was no 
evidence of acute inflammation or new growth. 

The rest of the body showed nothing noteworthy, except for malnutrition and 
pulmonary edema. 

COM MEN 

\ number of points of interest are presented by this case. 

l. The dve test proves not to be absolutely reliable as a proot of 
permanent communication or obstruction between the ventricular system 
and the spinal subarachnoid space. In the patient whose case is reported 
the test showed complete block when done two years before, and 
nearly complete block during the time of his stay at this hospital; yet, 
when laminectomy was done, on incision of the lumbar sac a great excess 
of fluid escaped with resulting depression of the fontanels. It would 
seem to us that the most reliable method for testing the communication 
between ventricles and the spinal subarachnoid space would be a simple 
lumbar puncture. In the absence or scantiness of fluid, a block may be 
assumed, while a free flow of fluid, especially when accompanied by a 
sinking-in of the fontanels, must indicate a communication. 

2. The justification of excising a healthy kidney may be found in 
the inevitably fatal outcome in a case of uninterrupted progressive 
hydrocephalus. Indeed, on the same grounds, the objection that urinary 
bladder infection might conceivably lead to meningitis at some future 


try 
) 


ne must also be excused. 
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3. The stage of the disease at which success of the treatment might 
reasonably be looked for is, of course, a much earlier one than that at 
which the operation was done on this child. This we recognized, but 
hoped, nevertheless, that if we could not cure the child, we might, at 
least, test out the method. 

4. Both by roentgenograms taken with an opaque medium and by 
gross and histologic examination, it was possible to show that a persistent 
communication can be established between the spinal fluid spaces of the 
lumbar region and a ureter, which may serve to drain the spinal fluid 
into the urinary bladder. 











SURGICAL TREATMENT OF MITRAL STENOSIS 
AN EXPERIMENTAL STUDY 


JOHN H. POWERS, M.D. 
Associate Surgeon, The Mary Imogene Bassett Hospital 


COOPERSTOWN, N.Y. 


The technical difficulties and hazards of an operative procedure on 
the heart are great. Medical therapy in chronic cardiac valvular dis- 
ease offers nothing but supportive and palliative treatment without hope 
of permanent relief. Consequently the surgical treatment of mitral 
stenosis presents a most fascinating and interesting problem to both 
surgeon and physician. 

The rationale for the procedure has been based on the assumption 
that mitral insufficiency is functionally a less damaging lesion than mitral 
stenosis. With this hypothesis as a major premise, the first operation 
of election on the mitral valve was performed by Dr. Elliott C. Cutler ' 
in May, 1923. A tenotome was inserted into the mitral orifice through 
the left ventricle, and an attempt was made to incise each segment of 
the obstructing ring. The patient recovered and was definitely improved 
until the onset of a terminal illness four and one-half years later. 

After this first intrepid effort, Allen and Graham? attempted a 
three-stage procedure with an instrument carrying an optical system, by 
which they hoped to cut the valve under direct vision. The patient died 
on the operating table. 

The experience gained in their first and two subsequent cases 
convinced Cutler and Beck * of the impossibility of enlarging the mitral 
orifice sufficiently with a simple knife to obtain an adequate degree of 
regurgitation. Consequently the cardiovalvulotome * was developed, a 


This study was aided by a grant from the DeLamar Mobile Research Fund. 
From the Laboratory for Surgical Research, Harvard Medical School, Boston. 
1. Cutler, E. C., and Levine, S. A.: Cardiotomy and Valvulotomy for Mitral 

Stenosis, Boston M. & S. J. 188:1023, 1923. 
2. Allen, D. S., and Graham, E. A.: 
\. M. A. 79:1028 (Sept. 23) 1922. 


Intracardiac Surgery—A New Method, 


3. Cutler, E. C.; Levine, S. A., and Beck, C. S.: The Surgical Treatment of 
Mitral Stenosis, Experimental and Clinical Studies, Arch. Surg. 9:689 (Nov.) 1924. 

4. Beck, C. S., and Cutler, E. C.: A Cardiovalvulotome, J. Exper. Med. 40: 
75 (Sept.) 1924. 
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powerful cutting instrument by which a segment of the valve could be 
excised and removed from the circulation. 

With one exception all subsequent operations have been performed 
with this instrument. The exceptional, and only successful, case is that 
reported by Souttar,® in which the mitral orifice was dilated with the 


finger, introduced through the left auricular appendix. This patient 


is living and apparently improved. 

In all, ten patients with mitral stenosis have been subjected to 
surgical treatment. The mortality has been 90 per cent. Except in 
Cutler’s first case, death occurred from three hours to six days after 
operation, and in the majority of instances was due, not to operative 
shock, but to cardiac failure. The mechanical difficulties of the opera- 
tion have been overcome, mitral insufficiency has been created both by 
incising the stenotic orifice and by excising a segment of the sclerosed 
valve, and yet the patients have died. The question presents itself, 
therefore: Is valvulotomy or partial valvulectomy a feasible and justi- 
fiable operation in patients with mitral stenosis ? 

It is undeniably true that an insufficient valve is a more tolerable 
valve from the patient’s standpoint than a stenotic one. Furthermore, 
Cutler and his collaborators showed experimentally that mitral regur- 
gitation was well tolerated by normal dogs. One may reasonably 
assume, however, that the physiologic alterations that take place in the 
circulation after the excision of a segment of normal valve do not 
approximate those which obtain when a defect of similar degree is made 
in the thickened and sclerotic postrheumatic valve. The facts suggest 
that an embarrassed cardiac mechanism, laboring under the mechanical 
difficulties of a chronic mitral obstruction, is unable to tolerate the addi- 
tional insult of a sudden, superimposed regurgitation, and death occurs 
from cardiac failure. 

The experiments presented here are offered in support of this con- 
tention. 

EXPERIMENTAL METHODS 

Since the development of a method for creating chronic cardiac 
valvular disease in dogs,® certain phases of the problem, which previ 
ously were restricted to clinical impressions and observations on patients, 
have become amenable to precise physiologic study in the laboratory. 
Four distinct procedures have been carried out: 

5. Souttar, H. S.: The Surgical Treatment of Mitral Stenosis, Brit. M. J. 2: 
603, 1925. 

6. Powers, J. H.: The Experimental Production of Mitral Stenosis, Arch 
Surg. 18:1945 (April) 1929. 
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1. Experimental stenosis of the mitral valve has been produced in 
dogs, a chronic, sclerosing lesion which, in its mechanical and gross 
nathologic aspects,’ is comparable with mitral stenosis in man. 

2. Physiologic observations have been made on the circulation of 
these animals with experimental mitral stenosis. 

3. The stenosis has been abruptly converted into insufficiency by 
partial valvulectomy with the cardiovalvulotome. 

$. The physiologic observations have been repeated to determine what 
effect this procedure has on the mechanics of the circulation, and why 
the sudden transformation of chronic mitral stenosis into stenosis with 


insufficiency should be incompatible with life. 


1. Production of Mitral Stenosis—The method has been described in detail 
elsewhere.® In brief, two distinct maneuvers were carried out: (a) electrocoagula- 
tion of the mitral valve and (>) subsequent intravenous inoculation with cultures 
of Streptococcus viridans. 

(a) The dog was anesthetized with ether administered intratracheally by the 
mechanical respiratory apparatus. The heart was exposed by subperiosteal resec- 
tion of a portion of the left fifth rib. The active electrode of a high frequency 
unit delivering a bipolar current was introduced into the left ventricle and the tip 
approximated to the mitral ring and inferior surface of the segments of the valve. 
The current was applied for one to three seconds. The electrode was then 
withdrawn and the wound was closed in layers with silk. 

(b) During the early postoperative course the animal was inoculated intra- 
venously with fresh broth cultures of Streptococcus viridans. The development 
of accentuated cardiac sounds, a systolic murmur and positive blood cultures for 
several months were considered indicative of an acute vegetative endocarditis of 
the mitral valve. As the lesions healed, the organisms disappeared from the blood 
stream. The animal was then operated on again in the same manner and reinocu- 
lated with larger doses of Streptococcus viridans than before. Negative blood 
cultures were obtained relatively soon after the second operation, presumably 


because of resistance developed in overcoming the original infection. 

When this stage of the problem had been completed, five male dogs 
with experimental mitral stenosis were alive and in good health. At 
the second operation, multiple scars and some stenosis of the orifice 


were palpable in each case. Consequently there could be no question 


about the presence of a chronic sclerosing lesion of the valve, in spite 


of the fact that this was not always borne out by the clinical evidence 
of a diastolic murmur. 


7. Powers, J. H.: Experimental Cardiac Valvular Disease in Dogs, and Sub- 
cute and Chronic Cardiac Valvular Disease in Man, Arch. Surg. 21:1 (July) 1930. 


8. Dr. Hans Zinsser furnished the strain of organisms, which was isolated from 
he myocardium of a child who died of rheumatic fever. 
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2. Physiologic Observations.*»—Each animal was trained to lie quietly duri: 
all experimental procedures. All observations were made in the supine positio: 
The legs were gently immobilized in extension by web straps attached to the sick 
of the table. Determinations were not carried out until the animal had been on tl 
table approximately one-half hour. 

With the animal under basal metabolic conditions, observations were made o1 
the pulse rate, the blood pressure and the consumption of oxygen. 

Immediately thereafter, samples of arterial and venous blood were drawn as 
nearly simultaneously as practicable from the left and right ventricles or from the 
femoral artery and right ventricle respectively. The blood was deposited under 
oil, mixed with an anticoagulant and analyzed in duplicate in the Van Slyke-Neil 
constant volume, manometric apparatus for the content of oxygen. 

The cardiac output was determined according to the principle of Fick, which 
states that the volume of blood passing through the lungs in cubic centimeters per 
minute equals: 

cc ot oxygen consumed per minute 
amount of oxygen absorbed by 1 cc. of blood 

The stroke output, or systolic discharge, was found by dividing the cardia 
output per minute by the pulse rate. 

X-ray films of the heart were exposed from a distance of 1 meter. The animal 
was ailowed to lie quietly on its abdomen with the legs in extension. The plate 
was in contact with the anterior thoracic wall and the tube was centered over the 
midportion of the dorsal spine. 


All these studies, except the last one, were repeated one or more 


times at varying intervals. Satisfactory determinations, checked within 


the limits of experimental error, thus were obtained. 


3. Partial Resection of Stenosed Mitral |’ alve—Each animal was then operated 
on a third time. The heart was reexposed through the healed scars of both pre- 
vious incisions in the left thoracic wall. Adhesions between the pleura and lungs 
or lungs and pericardium were divided by sharp dissection whenever necessary. 
The pericardium was incised and freed from the anterior wall of the left ventricle. 
Control sutures were placed, the myocardium was incised and the cardiovalvulo- 
tome '® was introduced into the left ventricle. By palpation of the mitral orifice 
through the roof of the left auricle, a scarred segment of the obstructing valve was 
engaged between the jaws of the instrument, excised and withdrawn from the circu- 
lation. Occasionally two or three bites of tissue were removed. The wound was 
then closed in layers with silk. 

4. Repetition of Physiologic Studtes—All\ the physiologic studies described were 
then repeated. Dogs X3 and X5 died so unexpectedly during the immediate post- 
operative convalescence that no observations were obtained on these two animals. 
In order not to lose the opportunity for making determinations in the three remain- 
ing animals during this critical period, observations were begun directly after 
their recovery from anesthesia and were continued until death occurred. 


9. This phase of the work has been reported recently (Powers, J. H.; Pilcher, 
C., and Bowie, M. A.: Some Observations on the Circulation in Experimental 
Mitral Stenosis, Am. J. Physiol., to be published). 

10. The instrument, a gift to the author by Dr. E. C. Cutler, carried a shait 
of smaller diameter than the one used on patients, but was otherwise similar to it 
in all respects. 
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One control experiment was performed for the purpose of studying 


the effect on the circulation of partial resection of a normal valve. A 
normal male dog (X25) was trained to lie quietly on the table while 
the physiologic studies already outlined were carried out. The animal 
was then operated on and a portion of the mitral valve was excised with 
the cardiovalvulotome. The dog made a good convalescence. The 
preoperative studies were repeated at intervals during this period until 
the animal was killed, on the twelfth day. 


EXPERIMENTAL DATA 


EXPERIMENT 1.—In dog X3, a maie, mongrel Irish terrier, weighing 14.1 Kg., 
electrocoagulation of the mitral valve was performed on March 19, 1928. The 
inimal was inoculated intravenously severai times with cultures of Streptococcus 
viridans. Positive blood cultures were obtained during the next four months. 
Examination of the heart revealed a rapid rate and forceful impulse. The first 





Fig. 1—Roentgenograms of the heart of dog X3, taken on March 11, 1928 (4), 
September 7 (B) and Feb. 21, 1929(C). The first plate was taken prior to opera- 
tion and shows the normal cardiac size. Note the enlargement, particularly of 
the right side, that occurred with the development of mitral stenosis. 


sound was snapping and valvular in quality. There was a soft systolic murmur. 
No diastolic murmur was audible. 

\t the second operation, on September 26, two scars were palpable in the 
posterior aspect of the mitral ring. The orifice was partially obstructed. The 
valve was cauterized again, and the wound was closed in layers with silk. After 
reinoculation, the blood culture was negative on the seventeenth postoperative day. 

Four months later, three detailed series of physiologic observations were made 

cording to the methods already outlined. The basal pulse rate was elevated to 

120 beats per minute. All the other determinations were within the limits of 
rmal.” The transverse cardiac diameter had increased 1.1 cm. (fig. 1). Ausculta- 
m disclosed systolic and early diastolic murmurs. The first sound was loud and 
apping in quality. 


Partial resection of the mitral valve was performed on May 2, 1929. Several 
ise scars were palpable in the mitral orifice. One of these was engaged between 
jaws of the instrument, excised and withdrawn from the circulation (fig. 2) 


re was an immediate moderate dilatation of the heart and a marked increase in 
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rate. It was impossible to close the pericardium without embarrassing the cardia 
impulse. The pleura and thoracic wall were sutured in layers with silk. At tl 
end of the operation the dog’s circulation was at a low ebb, its pulse rate approxi 
mately 200. A loud, blowing systolic murmur was audible. In the afternoon th 
animal recovered from the anesthesia, but was unable to stand. The respiratio1 
were rapid and shallow. At 8 a. m. the following day the dog was standing wy 
in his cage and appeared to be in fairly good condition although the respiratory rate 
and pulse rate were still very rapid. One hour later he was found dead. 
Autopsy.—There was a moderate amount of frothy blood in the respiratory pas 
sages; acute pulmonary congestion and edema were present. Each pleural cavity 
contained about 50 cc. of serosanguineous fluid. The heart was intensely engorged 
and dilated, particularly on the right side. There were no emboli in the pulmonary 


vessels. The liver was acutely congested. 





Le an 
Fig. 2—Heart of dog X3. The roof of the left auricle has been removed to 
expose the mitral valve. There is a large defect in the lateral leaflet. The insert 
shows the auricular and sagittal views of the segment that was excised with the 
cardiovalvulotome. 


After removal of the heart, the roof of the left auricle was excised to expose the 
mitral valve (fig. 2). There were moderate constriction of the orifice and marked 
thickening of the lateral segment of the valve. A large defect was present in this 
segment. 


Comment. No postoperative physiologic studies were obtained. 


Death occurred seventeen hours after operation and was attributed to 


acute cardiac failure. 


EXPERIMENT 2.—In dog X5, a male, mongrel Spitz, weighing 9.2 Kg., electro- 
coagulation of the mitral valve was performed on June 6, 1928. Acute endocarditis 
followed two intravenous inoculations with cultures of Streptococcus viridans 
Organisms were recovered from the blood stream at intervals during the next tw 
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mths. Examination of the heart disclosed a snapping first sound and systolic 
d early diastolic murmurs. 

The second operation was performed on September 10. Palpation of the mitral 
ilve through the roof of the left auricle revealed several dense scars and some 
arrowing of the orifice. The valve was again traumatized with the electrocautery. 
he animal was given two postoperative inoculations with Streptococcus viridans, 
ind the blood culture was positive during the following month. 

Physiologic observations made six months later were all within the limits of 
normal. The transverse cardiac diameter had increased from 6.3 to 8.0 cm. (fig. 3). 
\ soft systolic murmur was audible; a diastolic thrill was palpable. 

Partial resection of the mitral valve was performed on May 15, 1929. The 
lateral leaflet of the valve was definitely thickened and sclerosed and the orifice was 
moderately obstructed. Three small segments of this portion of the valve were 


excised with the cardiovalvulotome (fig. 4). This was followed by an immediate 








Fig. 3—Roentgenograms of the heart of dog X5, taken on June 6, 1928 (A), 
September 7 (B) and April 8, 1929 (C). A marked increase in cardiac size is 
ipparent in the last plate, taken five weeks before partial valvulectomy was per- 


formed. 


lilatation of the whole heart and a marked increase in rate. No attempt was made 
lose the pericardium; at the end of the operation a loud systolic murmur was 
dible. The pulse rate was approximately 170. The dog recovered consciousness 
the early evening, but was unable to stand. The respirations were shallow and 

id and the circulation was extremely poor. Death occurred during the night. 
Marked dilatation and engorgement of the heart, especially on the 
side, and acute congestion and edema of the lungs were present. There was 
iall amount of serosanguineous fluid in each pleural cavity. The liver and 
showed acute and chronic passive congestion. Examination of the mitral 
from above revealed a large defect in the lateral segment of the valve 

4). 


omment.—Unfortunately, death occurred so soon that no _post- 


rative physiologic observations were obtained in this case either. 
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With each of these animals the postoperative course was similar to tha 
observed in patients after partial valvulectomy. The diagnosis of deat] 
from cardiac failure is supported both by the clinical observations dur- 
ing the immediate postoperative period and by the changes found 
necropsy. 


EXPERIMENT 3.—In dog X11, a male, mongrel bull terrier, weighing 12.5 Ke 
electrocoagulation of the mitral valve was performed on May 3, 1928. The dog 
received two inoculations with cultures of Streptococcus viridans on the second 
and fourth postoperative days. Negative blood cultures were obtained two and 
one-half months later. Examination of the heart showed a rapid rate, a snapping 
first sound and both systolic and diastolic murmurs. 

The second operation was performed on September 27. Two small dense scars 


were palpable on the anterior aspect of the mitral valve. Further traumatiza- 








+ 


Fig. 4+—Heart of dog X5, with the roof of the left auricle removed to expose 





the mitral valve from above. A marked regurgitation is apparent. The insert 
shows the three small segments that were excised. 


tion was carried out with the electrocautery without difficulty. After two larg: 
inoculations with cultures of Streptococcus viridans, the blood culture was negative 
in two weeks. 

Physiologic observations on the circulation were made in June and August ot! 
the following year (table 1). The cardiac output was increased above the normal 
for an animal of this size.’ The transverse cardiac diameter had-increased 1.9 cm 

Partial resection of the mitral valve was performed on Dec. 12, 1930. Direct 
examination of the mitral orifice through the wall of the left auricle disclosed thre« 
palpable scars. Three attempts to remove a portion of the valve were made with 
the cardiovalvulotome, and at the third effort a section of thickened and fibrous 
valve was excised. 
was not possible. At the end of the operation the circulation was extremely slug- 


gish and the heart rate was very rapid; a loud systolic murmur was audible. 





POWERS—MITRAL STENOSIS 


In order not to lose the opportunity for making observations on the circulation 
this animal during the immediate postoperative course, these studies were carried 
it one hour after the operation had been completed. 

Death occurred suddenly, two hours later. 

Autopsy —About 50 cc. of liquid blood was found in each pleural cavity; the 
vocardial wound was firm; the heart was dilated and the right side tensely 

engorged with blood. The liver showed evidence of chronic passive congestion. 
lwo old infarcts were found in the left kidney. Examination of the mitral valve 
from above showed a defect in the lateral segment, several fibrous scars and some 
thickening of the medial segment, but less actual stenosis of the orifice than was 
found in the two previous cases. Death was attributed to acute cardiac failure. 


Comment.—These postoperative studies (table 1) afford some inter- 


esting data on the alterations in the circulatory mechanics induced by 


PasBLE 1.—Physiologic Observations on the Circulation of Dog X11 (a Mongrel Bull 
Terrier Weighing 12.5 Kg.) Before and After Partial Valvulectomy 
for Mitral Stenosis * 


Oxygen Oxygen Car- Stroke 
Blood Con Utiliza- diac Out 
Pres sump tion, Out put, 
sure, tion, per put, Ce. 
Min. Ce. per Arterial Venous Cent Ce. per per 
Hg Min. Oxygen Oxygen by Vol. Min. Beat Comment 
00 162.5 23.50 19.40 4.10 3,965 
180 141.9 97.35 23.! 3.45 4,110 32.6 Snapping first sound 
190/ § 71.5 27.15 4.50 5 1.6 Long low pitched sys- 
tolie murmur; sys 
tolie thrill 
160/110 160.31 99 74 18.20 
Operation: Partial resection of mitral valve Three scars palpable 
in mitral orifice 
0) ‘ 100/ 50 111.9% 16.85 6.41 10.44 1,070 5.25 Animal unable to 
1:00 p.m. stand; rapid, shal 
low respirations 
0) Death. \utopsy: pulmonary congestion; congestion of liver; engorgement and dila 
5 p.m. tion of heart: infarcts of kidney 


-m. 


Profound changes are apparent after the production of mitral insufficiency. Death from 
ardiac failure was imminent when these studies were made. 


suddenly releasing a chronic obstruction at the mitral orifice. A marked 
decrease was found in the consumption of oxygen, in the content of 


oxygen in arterial and venous blood, in the cardiac output per minute and 


in the stroke output. Both the pulse rate and the utilization of oxygen 


were greatly increased. 


EXPERIMENT 4.—In dog X12, a male, mongrel bull terrier, weighing 17 Kg., 


lectrocoagulation of the mitral valve was performed on May 4, 1928. No murmur 
was heard immediately after operation. Following two inoculations with cultures 

Streptococcus viridans a loud systolic murmur was audible, which was undoubt- 
lly due to the formation of septic thrombi on the traumatized valve. Positive 


| cultures were obtained at intervals during the next four months. 


lhe dog was then operated on again and reinoculated during the early post- 
rative course. Organisms disappeared from the blood stream in one month. 
nination of the heart showed a systolic murmur and thrill. No diastolic 
nur was audible. Six months later a detailed series of physiologic observations 


arried out (table 2). All determinations were within the limits of normal. 
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Partial resection of the mitral valve was performed on May 2, 1929. 


One den 
thickened portion of the valve was removed. About 250 cc. of blood was lost. 1 
pericardium was only partially closed. 


A rough, blowing systolic murmur was 
audible at the end of the operation. 


Physiologic studies were begun immediate] 


and are presented in detail in table 2. Evidence of a failing circulation was appar- 


Taste 2.—Physiologic Observations on Dog X12 (a Mongrel Bull Terrier, 
Weighing 17 Kg.)* 


Oxygen Oxygen Car 

Blood Con Utiliza- diac 

Pulse Pres sump tion, Out 

Rate sure, tion, per put, 
per Mm. Ce. per Arterial Venous Cent Ce. per 


Date Min. Hg Min. Oxygen Oxygen by Vol. Min. Comment 


170/115 119.8 22.81 17.69 5.12 2,340 Cardiac sounds snap 


ping in quality; high 
pitched 
127.3 21.5 16.71 4.88 2,610 Systolic murmur aud 
ble: systolie thrill 
100 130.4 23.12 18.28 4.84 2 695 


125.6 21.06 16.63 5.03 2,500 


Operation: Partial resection of mitral valve 


12. >: 2,640 oi Blood volume deter 
mined just before op 
eration; about 250 ce, 

10. 7a 9,8 2.5 of blood was lost: 
eardiae sounds weak; 
circulation poor 


Bled 200 ce., with 
some improvement 


Dog unable to stand: 
respiration rapid; no 
edema 

»/ 3/29 } 3 3.43 . . 5 Condition about same; 
11:00 p.m. dog unable to eat or 
drink 


6.60 2, 6 Animal somewhat im 
proved; brighter and 
stronger 


Able to stand and 
drink water; cireula 
tion improved 


Bronchial breathing: 
coarse rales at base of 
right lung 


Rales more numerous: 
no apparent peripheral! 
edema 

Death. Autopsy: marked dilatation of heart: pulmonary 


Dog found dead in 
edema; pleural effusion; congestion of liver: ascites 


cage 


The long series of postoperative determinations represents gradual changes in the ciret 
latory mechanics occurring with partial decompensation. The steady decrease in arterial and 
venous oxygen and the gradual reduction in cardiac output per minute and per beat during the 
first two postoperative days is striking. \s partial compensation was gained, the total cardia 
output returned to normal, only to fall again with the occurrence of secondary failure 


ent in the rapid respiratory rate and a gradually decreasing cardiac output per 
minute and per beat. In the hope of relieving the burden on the heart, 200 cc. o! 


blood was withdrawn. The dog was unable to stand. The second postoperative 


day his condition was somewhat improved clinically, and a corresponding increase 


was noted in the cardiac output per minute and per beat. A slow but gradual 


improvement occurred up to the fifth postoperative day, at which time the cardia 


output was elevated above the preoperative level. Pulmonary congestion developed, 
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wever, and both clinical and physiologic evidence of a failing circulation were 
vain apparent. Death occurred on the ninth postoperative day. 

Autopsy—-Frothy, blood-streaked mucus was noted in the nostrils. The wound 
vas firmly healed. The right pleural cavity contained 40 cc. and the left pleural 
cavity 60 cc. of serosanguineous fluid. The lower lobes of both lungs were almost 
solid and “waterlogged.” On section, great quantities of fluid escaped. There was 
no gross evidence of pneumonia. No pulmonary emboli were found. 

The heart was enormously dilated, likewise both cavae. Examination of the 
mitral valve from above showed a large defect in the lateral segment. The orifice 
was moderately contracted, and the leaflets of the valve were definitely thickened 
and sclerosed. 

The liver showed evidence of chronic passive congestion. The cortex of both 
kidneys was studded with small infarcts of various ages. Death 
to acute cardiac failure. 


was attributed 


Paste 3.—Observations on Dog X15 (a Mongrel Bull Terrier, Weighing 


17 Kg. )* 


Oxygen Oxygen Car- Stroke 
slood Con Utiliza- diac Out 
Pulse Pres sump tion, Out put, 
Rat sure, tion, per put, Ce. 
per Mm. Ce. per Arterial Venous Cent Ce. per per 
Date Min. Hg Min. Oxygen Oxygen by Vol. Min. Beat Comment 
7 136.3 22 23 14.10 13 1,675 29 0 
110 117.9 18.99 13.09 5.9 1,995 
104.4 18.66 12.38 2 1,665 
oO 136.34 23.11 16.72 baods 2,130 


100 114.51 21.39 16.36 5.08 2,275 31.6 No 


murmurs audible 

Operation: Partial resection of mitral valve Orifice would not 
admit tip of index 
finger 


10:50 a.m. 


12 10/30 


Circulation poor; res 
15 p.m. 


pirations rapid and 
shallow 


12/10/30 Death Autopsy: marked congestion of right auricle and Animal died slowly 
4sp.m. ventricle; early pulmonary edema with labored and gasp 


ing respirations 


The results are similar to those recorded in table 1. 


Comment.—This animal lived nine days after partial valvulectomy. 
Consequently a long series of postoperative observations was obtained 
(table 2). These studies illustrate changes in the circulation occurring 
with a less acute cardiac failure followed by gradual, partial compensa- 


tion, and succeeded finally by secondary failure and death. Decom- 


pensation developed more slowly during the immediate postoperative 


period than in either the foregoing or following experiments, and conse- 
quently the alterations in the circulatory mechanics were more gradual. 
(hough less abrupt and perhaps less dramatic, the results, however, are 
equally convincing. It is unfortunate that a final series of determinations 
was not obtained just before death. 

EXPERIMENT 5.—In dog X15, a male, mongrel bull terrier, weighing 17 Kg., 
clectrocoagulation of the mitral valve was performed on May 29, 1928. After 

eral intravenous inoculations with cultures of Streptococcus viridans, organisms 
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were recovered from the blood stream during the next three months. Examinati: 
of the heart during this period revealed no murmurs or thrills. 

The second operation was performed on September 14. The dog was reinoculate: 
twice in the usual manner. A negative blood culture was obtained one month late: 
Physiologic observations made in June, 1929, and December, 1930, checked withi: 
the limits of normal (table 3). During this period auscultation of the heart 
revealed no adventitious sounds, although direct palpation of the orifice at the secon 


operation disclosed definite thickening and scarring of the mitral segments. Thx 
heart had increased 1 cm. in greatest transverse diameter. 


Partial valvulectomy was performed on Dec. 10, 1930. The mitral orifice was 
definitely contracted and would not admit the tip of the index finger. A 
was removed from the lateral margin of the valve (fig. 5). 
as usual. 


segment 
The wound was closed 
A systolic thrill and loud systolic murmur were apparent immediately 
after the operation. Both the cardiac and respiratory rates were extremely rapid 


One series of postoperative determinations was obtained (table 3). Shortly ther¢ 








Fig. 5—Heart of dog X15. The leaflets of the mitral valve are puckered and 
contracted, and an obvious defect is apparent in the lateral segment. The insert 
shows the section that was removed at operation. 


aiter the respirations became labored and gasping; a right ventricular puncture was 
attempted to relieve pulmonary congestion, but it was unsuccessful, and death 
occurred four hours after operation. 


Autopsy —About 50 cc. of liquid blood was found in each pleural cavity. The 
wound in the myocardium was solid; the coronary vessels were uninjured. There 
was marked congestion of the right auricle and ventricle. The lungs showed 
early pulmonary edema. There was no gross evidence of acute congestion of the 
liver or spleen. 

After removal of the heart, the roof of the left auricle was excised and the mitral 
valve was examined from above. The leaflets were thickened and fibrosed, and a 
moderately large defect was apparent in the lateral segment (fig. 5). Death was 
attributed to acute cardiac failure. 
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Comment.—W ith the single exception of the consumption of oxygen 
er minute, the results in this case (table 3) were exactly comparable to 
those found in experiment 3. 


EXPERIMENT 6.—Dog X25 (control), a male, mongrel bull terrier, weighing 
17.6 Kg., was trained to lie quietly on the table while two sets of physiologic 
studies were carried out (table 4). 

Partial resection of the mitral valve was performed on Dec. 17, 1930. Two 
segments of normal valve were removed with the cardiovalvulotome. There was 
no hemorrhage. The wound was closed in layers with silk. A systolic murmur 
was audible immediately after operation. Physiologic studies were repeated at 


PaBLeE 4.—Observations on the Normal Control Dog, X25 (a Mongrel Bull Terrier, 
Weighing 17.6 Kg.) * 


Oxyegelr Oxygen Car Stroke 
Blood Con Utiliza diac Out 
Pulse Pres sump tion, Out put, 
Rate sure, tion, per put, Ce. 
per Mm. Ce. per Arterial Venous Cent Ce. per — per 
Date Min. Hg Min Oxygen Oxygen by Vol. Min. Beat Comment 
6y 110/ 70 155.14 18.95 14.47 4.46 3,475 1.1 
0 0) l ( 18.76 14.28 4.45 3,465 is] Cardiae sounds 
normal 
0 Operation: Partial resection of normal mitral valve 
0 an 
0 1l¢ 70 0 19.4 19.47 13.72 Wh 2305 10.8 Loud, blowing sys 
Op. tolic murmur 
() ( 70) 50 121.08 19.18 13.53 5.65 2,145 18.0 
8:30 pal 
S20 S 0 ) 14 17.9 12.4 48 120 | 
Op 
{ ~ 4 } } 16.34 10.41 rv 
' 156.6 15.37 10 4.54 ? r 
” | 100 140.s¢ 16.34 11.2¢ OS ? 950 0.7 
4/34 on 140/100 166.14 16.47 10.62 5.85 2,845 29.6 
) ”) 130/ 90 161.48 16.94 11.68 5.26 3,070 4.1 Murmur unchanged 
killed \utopsy: well marked mitral regurgitation: no 
congestion of lungs or liver; slight cardiac enlargement 
The postoperative determinations show similar but much less radical changes than those 


served after the excision of a segment from the valve of an animal with stenosis. 


ntervals during the next twelve days (recorded in detail in table 4). The animal 
was then killed. 
lutopsy—The wound was firmly healed. There was no fluid in either pleural 


cavity. Examination of the mitral valve showed a defect in both the lateral and 


rt) 
rt 


ic segments ; otherwise it was normal. The lungs, liver and spleen were normal. 


Comment.—After removing a segment of this normal valve, an 
nmediate decrease in cardiac output per minute and per beat was found. 
The change was much less marked, however, than the abrupt alteration 
that occurred after partial resection of a stenotic valve. On the second 

ostoperative day the minute output had returned to normal, although 
he stroke output was still low. Only very slight changes were noted 

the content of oxygen in arterial and venous blood, and the utilization 
| oxygen remained essentially the same throughout. 
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COM MENT 



























All previous discussions regarding the surgical treatment of mitra 
stenosis have been prefaced by the assumption that mitral insufficiency 
is a far less serious condition than mitral stenosis. Ample clinical 
data are at hand to support this theory, and on the basis of this evi 
dence nine patients with mitral stenosis have been subjected to valvu 
lotomy or partial valvulectomy. The mechanical technic of the operation 
has been accomplished successfully and regurgitation has been created, 
but the patients have died. In other words, the abrupt alteration in the 
circulatory mechanics that occurs with the sudden operative conversion 
of mitral stenosis into insufficiency is by no means comparable to the 
gradual compensatory adjustment that follows the slow development of 
a similar lesion by pathologic processes. The experimental work herein 
recorded has been offered in support of this contention. 

All five dogs with experimental mitral stenosis died after the removal 
of a portion of the obstructing valve. Postmortem examination of 
each animal disclosed tremendous dilatation and engorgement of the 
right side of the heart, acute pulmonary congestion and edema, pleural 
effusion, acute and chronic congestion of the liver with central necrosis "' 
and, in one case, ascites. 

A consideration of the physiologic studies, as they are presented in 
tabular form, reveals certain interesting and consistent alterations in the 
circulation of three animals after the transformation of mitral stenosis 
into insufficiency. Analysis of these results throws some light on the 
physiology of acute cardiac decompensation and the circulatory derange- 
iments that terminate in death. The series of observations on dog X12 
is most instructive, for the studies were repeated at intervals during the 
first week after operation. They present more gradual changes than do 
the observations on the remaining two animals, both of which died so 
early in the postoperative course that only one series of observations 
could be carried out. The determinations on all three animals, how- 
ever, are consistent throughout and disclose the following facts: 

A marked increase in pulse rate occurred immediately after the 
excision of a segment of the stenotic valve. 

The blood pressure fell. 

The consumption of oxygen was decreased in one instance and 
increased in two. (This is the only variation in all the postoperative 
results. ) 

The oxygen content of arterial blood was diminished to a remarkabl 
degree. 


The decrease in venous oxygen was even more striking. 


11. Dr. George Mackenzie and Dr. Ruben Schultz assisted in interpreting the 
histologic sections. 
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The utilization of oxygen, or the difference between the content of 
xvygen in arterial and that in venous blood, was greatlv increased. 

The cardiac output per minute was reduced. In dog X11 this 
lecrease amounted to 73 per cent of the average preoperative level. 

The stroke output was diminished to an even greater degree than the 
total output. 

Similar but much less radical changes were observed after the 
production of mitral insufficiency in the normal control dog, X25, in 
which circulatory readjustment was rapid and adequate to sustain life. 

From these results, one must conclude that although mitral regurgi- 
tation may be created in normal dogs without clinical evidence of 
decompensation, the abrupt conversion of experimental chronic mitral 
stenosis into insufficiency produces such sudden and radical alterations 
in the mechanics of the circulation that cardiac decompensation and 
death ensue. 

The canine lesion was comparable in its gross pathologic aspects to 
mitral stenosis of rheumatic origin in man. The instrument and the 
operative technic were similar to those which have been employed on 
human beings. It seems justifiable to assume, therefore, that the physio- 
logic alterations in the circulation that account for death atter partial 
valvulectomy on animals may explain the same result following a similar 
procedure on man. 

Could mitral stenosis be relieved more gradually, either by repeated 
excision of tiny fragments of the valve, by multiple incisions into the 
obstructing segments or by dilatation of the stenotic orifice, the results 
might be more satisfactory. The only two cases in which the operation 
was not succeeded immediately by a fatal outcome were Cutler's first 
case, in which simple incision into the segments of the valve was per- 
formed, and Souttar’s case, in which the mitral orifice was dilated with 
the finger. In both of these procedures only a slight change was pro- 
duced in the size of the orifice. Souttar’s patient is living five years after 
operation and presents the appearance observed in a well compensated 
case of mitral stenosis.'* 


SUMMARY AND CONCLUSION 

The experimental counterpart of chronic mitral stenosis in man was 
produced in five dogs by electrocoagulation of the mitral valve followed 
by intravenous inoculation with cultures of Streptococcus viridans. 
Partial valvulectomy was performed subsequently with the cardiovalvu- 
tome. The animals died within from three hours to nine days after 
peration. Both the physiologic and pathologic data presented support 
contention «hat death was due to acute cardiac failure attendant on 


Souttar, H. S.: Personal communication to the author. 
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the abrupt and radical conversion of stenosis into stenosis’ with 
insufficiency. 

Although the number of these experiments is small, the results su; 
gest that the creation of a large defect in the scarred and contract 
orifice of mitral stenosis is an extremely hazardous procedure which 
may lead to acute cardiac decompensation and death. Could this trans 
formation to insufficiency be carried out more gradually by less radical 
or repeated operative maneuvers, the outcome might be more satis- 


factory. 











RESPIRATORY PARALYSIS IN SPINAL 
ANESTHESIA 


P. W. HARRISON, M.D. 
AND 
RUTH FRANK, M.D. 


MUSCAT, ARABIA 


()pinions as to the field and indications for spinal anesthesia differ 
sharply. Published statistics are favorable, but much first-class surgical 
opinion is adverse to this method, for many individual results have 
heen unfavorable. The prevailing confusion seems due to our failure 
to divide a large subject into its constituent problems and subject each 
of these to adequate investigation. The most serious problem at the 
moment concerns high spinal anesthesia. Is there danger that respiratory 
paralysis will supervene when the anesthesia extends up to the arms, 
neck and face, or is such a fear foolish and the pains taken to avoid it 
unnecessary? The present communication is an effort to throw light 
on this question, 

Universal experience has accumulated a considerable mass of  per- 
tinent data. Procaine hydrochloride introduced into the subarachnoid 
space, or brought into contact with motor nerve fibers more distally, 
produces paralysis of ordinary striated muscle. [:xperience with spinal 
and local anesthesia has discovered no motor fibers that are immune. 
\ll nerve fibers, both sensory and motor, have their conductivity inter- 
rupted by procaine hydrochloride. 

The investigations of the physiologists have given the same answer. 
There is a very extensive literature concerned with the effect of anes- 
thetics and narcotics on nerve fibers and nerve centers. In general, the 
centers are much more susceptible than the fibers, as every general anes- 
thesia shows, for motor nerves are still capable of stimulation, even 


when the patient is adequately or even dangerously under the influence 


i} the anesthetic. Moreover, all nerve fibers are influenced by anes- 
thetics in the same way. This is what was to be expected, of course, for 

nerve fibers can transmit impulses in both directions, and so far as 
we know, are similar in structure. The slight differences in susceptibility 
hetween nerve fibers of different functions appear to depend on nothing 
except their different size. Thus the pain fibers yield to the action of 


cocaine slightly more readily than temperature fibers, and the tempera- 
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ture fibers more readily than the proprioceptive and motor fibers, this 
being due simply to the small size of the pain fibers and the increasing 
sizes of the others. Pressure interrupts the conductivity of the different 
fibers in the reverse order.’ 

The action of procaine hydrochloride has been investigated by the 
pharmacologists in great detail. Solutions as weak as 0.25 per cent 
interrupt the conductivity of the motor fibers in the sciatic nerve of a 
frog, within twenty minutes. A 1 per cent solution accomplishes this 
result in five minutes.* Results reported here indicate that the motor 
nerves of a cat are not substantially different in their susceptibility. 


\ consideration of the literature would lead to the conclusion that 


a spinal anesthesia that involves the cervical region must be dangerous, 


for the phrenic nerve is made up of fibers that leave the cord in the 
fourth anterior cervical root, with varying contributions from the third 
and the fifth. Operations involving the arms, neck and face require the 
application of an anesthetic solution to the posterior roots in precisely 
this region. There is, however, some experimental evidence and much 
more clinical experience that is at variance with this conclusion. Labat 
and Leriche have contended for some time that respiratory paralysis 
does not occur in high spinal anesthesias, and that the deaths so inter- 
preted are really due to cerebral anemia. Koster and Kasman published 
an impressive article in which this opinion is supported by an extensive 
clinical experience as well as by a certain amount of experimental work. 

A factor that may help explain the discrepancy between the results 
of the physiologists and the surgeons is that local anesthetics vary 
greatly in their capacity to penetrate to nerve fibers and nerve cells 
not lying on the surface and not bathed intimately by the anesthetic 
solution. Procaine hydrochloride penetrates very poorly, indeed, and 
this may serve to protect important fibers and centers from its action. 
Moreover, anatomic relationships or currents in the cerebrospinal fluid 
may keep the anesthetic solution away from certain areas while per- 
mitting access to others. However, safety, depending on anatomic 
relationships which presumably vary somewhat from patient to patient, 
or on currents in the cerebrospinal fluid which are probably not always 
the same in direction and intensity, seems somewhat dubious. At the 
very least, it requires investigation, so that one may have some idea of 
where the limits of safety lie. 

1. Gerard, R. W.: Nerve Conduction in Relation to Nerve Structure, Quart 
Rev. Biol. 6:59 (March) 1931. This not only is an excellent review of the whole 
subject, but gives a good bibliography, which makes possible a detailed study ot 
any point of special interest. 

2. Sollmann, Torald: J. Pharmacol. & Exper. Therap. 10:379, 1917. 

3. Koster and Kasman: Surg., Gynec. & Obst. 49:617 (Dec.) 1929. 
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EXPERIMENTAL WORK 


Cats were chosen for this investigation, and no effort was made to investigate 
drugs other than procaine hydrochloride. The first experiments were concerned 
with general principles. 

Series A.—The sciatic nerve was isolated. The muscles were arranged with 
or without sutures so that 1 or 2 cm. of the nerve could be immersed in procaine 
hydrochloride in situ. In this way it was possible to test the conductivity of the 
nerve before applying the solution, demonstrate blocking by the solution, wash out 
the procaine hydrochloride with physiologic solution of sodium chloride and test 
again for restored conductivity. Four nerves were prepared in two cats. 

Three per cent procaine hydrochloride dissolved in physiologic solution of 
sodium chloride produced complete block in twenty minutes; 2 per cent, in 20 
minutes, and 1 per cent produced almost complete block in thirty minutes. 

Series B.—The phrenic nerves were isolated in the neck. They were prepared 
as in series A. Four nerves were prepared in two cats. Each was tested with 
1 per cent procaine hydrochloride. One nerve was completely blocked in twenty 
minutes, one in twenty-five minutes, one in ten minutes and one in forty minutes. 
Exposure was somewhat imperfect in the last case. 


The phrenic is a more delicate nerve than the sciatic, and its indi- 
vidual fibers are more easily reached by the surrounding solution. If 
brought into intimate contact with the individual nerve fibers, a very 
weak solution of procaine will block all conductivity. Illustrative of this, 
though originally performed with another object in view, were some 
infiltrations of the spinal cord itself. 


Series C,—The spinal cord was edematized at the level of the second to the 
third roots with physiologic solution of sodium chloride. The solution was intro- 
duced through a very fine hypodermic needle. Three cats were used. No effect 
on the respiration was observed in any case. The cord was edematized with 2 per 
cent procaine hydrochloride. Respiration stopped in twenty-seven minutes. With 
l per cent procaine hydrochloride, it stopped in fourteen minutes; with 0.5 per 
cent, in twenty-nine minutes, and with 0.25 per cent, in seven minutes. The 
edematization was more carefully performed in the last experiment, and evidently 
the cord was divided into smaller fiber bundles by the infiltrating fluid. 


Illustrative of the marked incapacity of procaine hydrochloride to 


penetrate to structures lying below the surface were some experiments in 


which the fourth ventricle was flooded with the solution. These experi- 


ments also had a different object when they were performed. 


SERIES D.—Four cats were used. The medulla and cerebellum were widely 
xposed. The surrounding soft parts were arranged to make possible a lake of 
fluid over the exposed area. The area maintained was covered with procaine 
hydrochloride. The solution was frequently renewed to avoid dilution with tissue 
fluids 

Cat 1—The cerebellum was unretracted. The area was laked with 1 per cent 
rocaine hydrochloride for sixty-seven minutes, with 1.5 per cent for thirty minutes, 

2 per cent for thirty minutes and with 4 per cent for twenty minutes. At 


point respirations stopped, 1.e., after one hundred and seventy-seven minutes. 
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Cat 2.—The same exposure was obtained as in cat 1. The cerebellum wa 
retracted, and the floor of the fourth ventricle was well exposed. The area w: 
laked with 1 per cent procaine hydrochloride for thirty-three minutes, 1.5 per ce 
for twenty-six minutes and 2 per cent for thirty-one minutes. At this point respir: 
tions stopped after ninety minutes. 


Cat 3—The same procedures were carried out. One and one-half per cent 
procaine hydrochloride was used for thirty-one minutes and 2 per cent for twely 
minutes. At this point respirations stopped, i.e., after forty-three minutes. 


Cat 4—The same procedure was carried out as on cats two and three. One 
and one-half per cent procaine hydrochloride was used for thirty minutes and 2 
per cent for forty-six minutes. Respirations stopped after seventy-six minutes. 


It is true that the respiratory center has not been exactly located and 
that in a sense it is a physiologic rather than an anatomic conception. 
Nevertheless, there is very convincing evidence that it lies in the floor 
of the fourth ventricle, and close to the surface, so that the experiments 
in this series stand as a good demonstration of the exceedingly limited 
capacity of procaine hydrochloride to penetrate to structures even a little 
removed from the surface actually bathed by the anesthetic solution. 

To ascertain the susceptibility of the anterior cervical roots, three 
series of experiments were performed. 


SERIES E.—Two cats were used. The dorsal aspect of the cervical cord was 
exposed by removing the vertebral arches from the second cervical to the seventh. 
Wide removal of the bone was done laterally. The dura was divided in the mid- 
line, incised transversely at each end, and retracted widely. The posterior roots 
were exposed. The soft parts were arranged to make possible a lake of solution 
over the exposed area. 

Cat 1.—The exposed cord was laked with 1 per cent procaine hydrochloride 
for two hours. No effect on the respiration was observed. The cat was used 
for other purposes. 

Cat 2.—The exposed cord was laked with 4 per cent procaine hydrochloride 
for three and one-half hours. There was no effect on the respiration. The cat 
was used for other purposes. 

It was decided that with this exposure, the anterior roots were not being 
reached. 

Series F.—Eleven cats were used. The exposure and general procedure was 
the same as in series E. In some of these cats the anesthetic solution was intro- 
duced between the anterior surface of the cord and the dura by means of a fine 
glass dropper which was introduced along the side of the cord through the dentate 
ligament. In others, a ureteral catheter was introduced and left lying with its tip 
in the space between the anterior surface of the cord and the dura. After intro- 
ducing the catheter, the cat was watched for several minutes to be sure that the 
introduction of such a gross foreign body was not of itself disturbing the respiratory 
movements. 

Various strengths of procaine hydrochloride were introduced through the tube 
or catheter in quantity sufficient to lake the entire exposed area. The solutions 
were renewed frequently. The time that elapsed before respiration stopped varied 
greatly. It seemed to have little relation to the strength of the solutions intro- 


duced. For the eleven cats the periods elapsing before respiration stopped ran 
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follows: forty-nine minutes, seventy-five minutes, forty-five minutes, one hun- 
red and two minutes, one hundred and twelve minutes, seventy-seven minutes, 
rty-seven minutes, eighty-two minutes, fifty-two minutes, one hundred and sever 

1 minutes and fifty-five minutes, an average of seventy-three minutes. It was 
ident that even when introduced in this way the solution gained a capricious 
uncertain access to the anterior roots, and that we were measuring not the 
susceptibility of the roots but rather the time which it took for the solution to 


4in access to them. 


Series G.—Two cats were used. The procedure was the same as in pre- 
eding series except that the exposure was extended laterally till well over half 
the bony tube surrounding the cord was removed. The dura was opened very 
videly. Series of very coarse sutures were inserted into the cord longitudinally 
und carried up over a delicate glass rod which stretched from one brim of the 
wound to the other. The rod was raised by insertion of bits of cotton or gauze 
under its ends, until the sutures began to tear. In this way the cord was pulled 
up till its cross-section was more or less triangular. The preparation was regarded 
as satisfactory only if physiologic solution of sodium chloride could be washed 
from side to side between the anterior surface of the cord and the dura. The cats 
were watched for a number of minutes to be sure that the mechanical insults inci- 
nt to this experiment had not disturbed the respiration. 

Cat 1——The procedure was as previously described. One per cent procaine 
hydrochloride was applied. It was found impossible to wash the solution through. 
The glass rod was readjusted. The solution now washed through well. Respira- 
tion stopped twenty-five minutes from the time of the first application, and seven 


minutes from the time that readjustment made a satisfactory access possible. 

Cat 2.—The preparation was the same as for cat 1. One per cent procaine 
hydrochloride was applied. It washed through well. Respiration stopped in sev- 
enteen minutes. 


It is evident from these experiments that the motor nerve fibers that 
run to the diaphragm are just as susceptible to the action of procaine 
hydrochloride when acted on in the anterior cervical roots, as when 
exposed to the solutions lower down in the phrenic nerve. 

\ll the foregoing experiments may be regarded as demonstrating 
over again what we knew already, or at least what we might have con- 


cluded from the literature, i. e., that no nerve fibers, either sensory or 
motor, enjoy any immunity from the action of procaine hydrochloride, 
and 


that for practical purposes there is no difference between the sen- 
sory and the motor fibers. They demonstrate another thing also, namely, 
hat it is a matter of surprising difficulty for the anesthetic solution to 
gain access to the anterior cervical roots. Devising and setting up 
experimental conditions which made that access possible was a matter of 

nsiderable difficulty. There are other ways of demonstrating this 
difficulty. 


s1ES H.—Three cats were used. The needle was introduced into the sub- 


n 
Tl 


loid space between the base of the skull and the first vertebral arch. Ten 
ps of cerebrospinal fluid were allowed to escape. One-fourth cubic centimeter 
lution was then introduced. 
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Cat 1.—One-fourth cubic centimeter of 1 per cent procaine hydrochloride was 
introduced. Paralysis of the fore limbs was almost complete; it lasted forty m 
utes. Anesthesia of the body was complete except for some areas on the fac 
This lasted about forty minutes. Respiration was unaffected. The cat recovered 
Cat 2.—One-fourth cubic centimeter of 1 per cent procaine hydrochloride was 
introduced. Paralysis of the fore legs lasted fifteen minutes. Anesthesia of the 
entire body lasted thirty minutes. Respiration was unaffected. The cat recovered 
Cat 3.—In cats 1 and 2 the needle was introduced under light ether anesthesia 
The ether was stopped as soon as the solution was introduced. In this cat tl 
needle was introduced with no anesthetic of any sort. One-fourth cubic centimeter 


e 


of 5.5 per cent of procaine hydrochloride (isotonic solution) was introduced as 
indicated. Following this dose, the body was absolutely anesthetic except for scat- 
tered areas on the tail. The corneas were anesthetic. All use of fore and hind 


limbs was impossible. The fore limbs were almost completely flaccid. Respira- 
tions were rapid but not shallow or otherwise affected. Anesthesia persisted for 
nearly an hour; the paralysis for about half that time. The animal recovered. 


Such extreme involvement of the fore limbs with respiratory move- 
ments almost or quite normal is a finding that we are not able to explain. 


[his protection of the respiratory nerves is not absolute, however. 


Series I.—Four cats were used. The solutions were introduced as in the pre- 
ceding series, but were weighted so that they would sink to the lowest available 
point. 

Cat 1.—Five per cent procaine hydrochloride was weighted with 5 per cent 
iron and ammonium citrate, U.S.P., and 5 per cent sodium ferrocyanide. Anes- 
thesia of the body was apparently complete. No sensitive spot was found. Paraly- 
sis of the limbs was apparently complete. Respirations stopped in fifteen minutes 
The cord was hardened in situ with acid formaldehyde and dissected out. Prussian 
blue coloring was found over the whole anterior cervical region. Posteriorly, the 
blue coloring extended well into the thoracic region. 


Cat 2.—One-fourth cubic centimeter of a 5.5 per cent procaine hydrochloride in 


10 per cent cane sugar solution was used. Anesthesia was complete except for 
slight reaction to stimulation of right cornea. Some tone was discernible in the 
fore limbs. The respiration rapidly became shallow and seemed about to stop 
Improvement was noted after thirty minutes. The cat recovered. 

Cat 3—Cat 3 was treated the same as number 2 except that the cane sugar was 
increased to 15 per cent. Respiration stopped after five minutes. 

Cat 4.—One per cent procaine hydrochloride solution was used in 15 per cent 
cane sugar. Respirations stopped in three minutes. The heart beat persisted for 
three minutes longer. 


If these cats died because the weight of the solution carried it down 
to the anterior roots where the motor fibers destined for the diaphragm 
were blocked, turning the animal on its back immediately after the solu- 
tion is introduced ought to change the result. 

Series J.—Three cats were used. The same procedure was used as in the 
preceding series except that the cat was turned on its back immediately after the 
introduction of the solution and kept there. 
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Cat 1—One-fourth cubic centimeter of 5 per cent procaine hydrochloride was 


ehted with 5 per cent iron and ammonium citrate and 5 per cent sodium ferro- 


inide. Anesthesia of the body was complete. The right fore limb was largely 
tralvzed. The left fore limb was much less affected. Respiration was _ unaf- 
ted. Recovery occurred after from thirty minutes to one hour. 


Cat 2-—-The same procedure was employed as on cat 1. Respiration was 
severely affected, but the cat recovered. Anesthesia of the body was complete. 


Cat 3—This cat was treated the same as cat 2. Respirations stopped in about 


ten minutes. 


It was obvious from these experiments that weighted solutions found 


their way to the anterior roots much more readily than the simple 


unweighted ones, and moreover that whatever the factors may be that 
afford protection to the anterior cervical roots, they are by no means 
uniform and certain in their action. Experimental procedures that 


result in recovery in one case are fatal in another. 


CONCLUSIONS 

1. Motor nerve fibers enjoy no immunity from the action of procaine 
hydrochloride ; differences between the susceptibility of motor and sen- 
sory fibers are insignificant. 

2. The motor fibers leaving the cord in the third, fourth and fifth 
anterior cervical roots, and running through the phrenic nerve to carry 
motor impulses to the diaphragm, show the same susceptibility to pro- 
caine hydrochloride as other motor nerve fibers. 

3. Freedom from respiratory paralysis in spinal anesthesias that 
involve the cervical region must be due to some factors that protect the 
anterior roots from contact with the anesthetic solution. 

4. In the cat these protecting factors are capricious and uncertain in 
their action. 

This work was done under the supervision of Dr. Dean Lewis, and under the 
guidance of Dr. Lee, director of the Hunterian Laboratory, the staff of which gave 


their technical assistance. 
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The treatment for intestinal obstruction has in the majority of cases 
been relegated almost entirely to the surgeon, the conservative measures 
of medical treatment having been more or less discarded. In spite of this 
fact, and even though surgical methods have improved in the last three 
decades, the mortality rates remain alarmingly high. The experience 
of recent years has emphasized the importance of an early diagnosis in 
intestinal obstruction if surgical intervention is to be a_ life-saving 
measure. Most writers, therefore, agree that the one way of reducing 
the mortality rates is to shorten the time interval between the onset of 
symptoms and the establishing of a definite diagnosis. Statistics quoted 
by various writers demonstrate this quite strikingly. Miller,' in a 
study of a series of cases, showed that the death rate almost doubled 
between the twelve and the twenty-four hour intervals. His total mor- 
tality was 60.9 per cent in 343 cases. Brill * reported no deaths in those 
cases in which operation was done within twelve hours, whereas between 
the twelve to the twenty-four and the twenty-four to the forty-eight 
hour periods his mortality increased approximately five times. North 
reported statistics to show that the mortality at operation, done in less 
than six hours after the onset of symptoms was 9 per cent as compared 
with 23 per cent between twenty-five and forty-eight hours. Tuttle * 
had no deaths when operation was performed in less than six hours 
after symptoms appeared but showed a rise of from 4+ to 15 per cent 
when the time interval was between twelve and twenty-four hours 
Eliason and North ® quoted statistics that show a decrease of only 12 


per cent in their series of 1928 as compared with Deaver and Ross in 


From the Department of Surgery and the Department of Roentgenology, 


Presbyterian Hospital, College of Physicians and Surgeons, Columbia University 

1 Miller, C. J.: A Study of 343 Surgical Cases of Intestinal Obstructior 
Ann. Surg. 89:91, 1929 

2. Brill, S.: Mortality of Intestinal Obstruction, Ann. Surg. 89:541, 1929 

3. North, John Paul: Acute Intestinal Obstruction, Internat. Clin. 3:206, 
1929, 

4. Tuttle, H. W.: The Mortality of Intestinal Obstruction, Boston M. & 
S. J. 192:791, 1925. 

5. Eliason and North, quoted by North (footnote 3). 
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ieir statistics of 1915. At the Presbyterian Hospital our statistics 
show a 41.8 per cent mortality in the last three years, including all cases 
f acute and chronic obstruction in which operation had been done, 
regardless of the time factor or the cause. Table 1 records those cases 
in which roentgen examination was used as an aid in diagnosis. In this 
instance, the death rate is lower than the general average. We would 
call attention to the decrease in the death rate in those cases in which 
operation was done ninety-six hours following the onset of symptoms. 
This is due to the fact that about 80 per cent of the cases of chronic 
obstruction fall in this group. The patients were more apt to recover 
from the immediate operative procedure, but succumbed later to the 
underlying cause, which in most cases was a malignant growth. 
The knowledge gained from the roentgenographic examination 


the abdomen has been stressed as one of the main factors in aiding 
TasLe 1.—Mortality in Cases in Which X-Rays Were Used in Diagnosis 


Hours from Onset of Symp Number of 
toms to Operation Cases Deaths Percentage 


Under 12 0 


13 to 24. esi eae : 4 
25 to 48 , 
49 to 06 
Over U6 


lee 7 17 


rotal cases of obstruction ices sted i 

Total cases of obstruction in which the x-rays were used in diagnosis. wane 
Total cases of obstruction in which the x-rays were used in diagnosis and no operation done 
Total cases of obstruction in whieh the x-rays were used in diagnosis and operation done 


early diagnosis, for if a sharper diagnostic eve can be developed in 


viewing the abdominal films in these cases, the problem has been aided 
considerably. It is with this idea in mind that some observations on the 
roentgen diagnosis of intestinal obstruction are presented. We propose 
to deal entirely with the diagnostic problem so far as the roentgeno- 
graphic evidence is concerned. 
LITERATURE 

The diagnosis of intestinal obstruction by means of the roentgen rays 
is not a new procedure. The recognition of the positive densities created 
by the gas-filled loops of bowel was described as early as 1911, when 
Schwarz ° advocated the administration of a small amount of barium 
sulphate suspension for the production of fluid levels and emphasized 
that the erect position of the patient be used in order that the fluid levels 
might be demonstrated. Assmann,’ in 1913, reported five cases proved 

6. Schwarz, Gottwald: Die Erkennung der tieferen Diinndarmstenose mittels 
des R6ntgenverfahrens, Wien. klin. Wehnschr. 24:1386, 1911. 

7. Assmann, H. Zur Rontgendiagnostik der Dtnndarmstenosen, Deutsche 
‘tschr. f. Nervenh. 1:47, 1913. 
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at post mortem to be obstructions which had shown both gas and fluid 
levels by roentgen examination. Case * did the pioneer work along this 
line in America, beginning his work in 1910, and later in 1915 published a 
paper stressing the characteristic parallel loops of distended bowel. 


Later, particularly in his publication of 1927, he added the finer points 


of diagnosis such as the “herring bone” appearance of the mildly 


distended loops of bowel as compared to the “ladder effect’ caused by 
the greatly distended loops. He also described the fluid levels dis- 
cernible in the various positions. Meyer and Brams* and Rabwin " 
emphasized the gas shadows but did not stress fluid levels. Kalbfleisch ' 
expressed the opinion that distended loops of bowel only suggest obstruc- 
tion, whereas the presence of fluid levels is definite confirmatory evi- 
dence. Bensaude and Guénaux '* described fluid levels in the ascending 
colon in the presence of obstruction in the distal portion of the colon. 
Other writers prominent in emphasizing the value of roentgen examina- 
tion of the abdomen in ileus are Guillaume,'* Martens,'' Hintze,’ 
Kloiber.'® Davis.'?’ Ochsner and Granger,'S Brown,'’ Weil *°. and 
Milhaud.*! 

8. Case, J. T.: Roentgenological Aid in the Diagnosis of Ileus, Am. J 
Roentgenol. 19:413, 1927; The Value of the Roentgen Examination in the Early 
Diagnosis of Post-Operative Ileus, Ann. Surg. 79:715, 1924; Roentgen Studies 
After Gastric and Intestinal Operations, J. A. M. A. 65:1628 (Nov. 6) 1915. 

9. Meyer, K. A., and Brams, W. A.: Clinical Study of Acute Intestinal 
Obstruction, Illinois M. J. 51:42, 1927. 

10. Rabwin, M. H.: The Roentgen-Ray Diagnosis of Acute Intestinal Obstruc 
tion, Am. J. Surg. 7:656, 1929. 

11. Kalbfleisch, William K.: The Diagnosis of Intestinal Obstruction by 
Roentgen Ray, Am. J. M. Sc. 174:500, 1927. 

12. Bensaude, R., and Guénaux, G.: Le radiodiagnostic des stenoses du gros 
intestin, Paris méd. 7:467, 1917. 

13. Guillaume, A. C.: A propos du diagnostic de l’occlusion intestinale aigue 
(examen radiologique de Vileus), Presse méd. 30:3, 1922. 

14. Martens, M.:* Ileus im Rontgenbilde, Med. Klin. 24:1417, 1928. 

15. Hintze, Arthur: Allgemeine topische und Ursachendiagnosen des Ileus 
durch die Rontgenuntersuchung, Med. Klin. 24:1547, 1928. 

16. Kloiber, Hans: Die Roentgendiagnose des Ileus ohne Kontrastmittel, 
Arch. f. klin. Chir. 112:513, 1919, 

17. Davis, K. S.: A Valuable Roentgenographic Aid in Diagnosis of Intestinal 
Obstruction, Am. J. Roentgenol. 17:543, 1927. 

18. Ochsner, A., and Granger, A.: Roentgen Diagnosis of Ileus, Ann. Surg 
92:947, 1930. 

19. Brown, Samuel: Gastro-Intestinal Obstructions, Radiology 15:364, 1930. 

20. Weil, A.: Ueber die ROntgendiagnostische Bedeutung normaler und abnor- 


maler Gasansammlung im Abdomen, Fortschr. a d. Geb. d. Rontgenstrahlen 24:1, 
1916. 


21. Milhaud: Stenoses de l'intestin gréle radiographiques, Lyon méd. 180:854, 


1921. 
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Wangensteen and Lynch ** were apparently the first to study the 
oentgen manifestations in experimentally produced ileus. They pro- 


duced mechanical obstruction in dogs and observed its course roentgeno- 


graphically. They found that gas in the obstructed intestine could be 


detected on the roentgen film in from four to five hours, and that clinical 
distention was not evident until many hours later. Fluid levels could 
not be demonstrated with any degree of regularity unless fluid was given 
either intravenously or by hypodermoclysis. Later, Wangensteen and 
his co-workers ** produced strangulation in a segment of intestine and 
found that the roentgen evidence of obstruction was not as definite as 
in simple obstruction. 
PHYSIOLOGY 

\lthough Case,** Wangensteen and Lynch ** and Weil *° are inclined 
to believe that gas 1n sufficient quantities to be recognizable on the roent- 
gen film is never seen normally in the small intestine, we find, from 
our own observations, that small amounts are occasionally seen. The 
most frequent location of these apparently innocent gas shadows is 
either the duodenum or distal portion of the ileum. Its presence in 
the first instance may be accounted for by an excessive amount of gas 
in the stomach, while its presence in the distal portion of the small 
intestine can be explained on the frequently found incompetency of 
Jauhin’s valve. Again, in diseases of the small bowel in which the 
normal physiology is impaired to the extent of a slight decrease in 
motility, there may be small amounts visible that do not denote an 
actual obstruction of surgical importance. The differentiation in these 
instances from cases of obstruction can readily be made since there 
is no dilatation of the bowel lumen above the usually observed 2.5 
to 3 em. width, and the shadows are only transient. Furthermore, 
clinical evidence is absent, the observation generally being incidental. 
Che foregoing observations apply to adults only, since distended small 
intestinal loops are commonly seen in infants up to about 2 years of age 
in which there is obviously no obstruction clinically. 

Kantor and Marks,*’ in discussing the origin of intestinal gases, 
stated that they are derived from two sources, namely, from the atmos- 

22. Wangensteen, O. W., and Lynch, F. W.: Evaluation of X-Ray Evidence 
as a Criterion of Intestinal Obstruction, Proc. Soc. Exper. Biol. & Med. 27:674, 
1930, 

23. Wangensteen, O. H.; Goehl, R. O.; Lynch, F. W., and Borman, C.: Evalu- 
ation of X-Ray Evidence as a Criterion of Strangulation Obstruction, Proc. Soc. 
Exper. Biol. & Med. 27:952, 1930. 

24. Case (footnote 8, first reference). 

25. Kantor, John L., and Marks, J. A.: A Study of Intestinal Flatulence, Ann. 
Int. Med. 3:403, 1929 
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pheric air and from food stuffs. Atmospheric air is swallowed during 
eating and drinking and the greater part of it is quickly eliminated by 


belching. The nitrogen which composes 80 per cent of the volume is not 


absorbed by the blood stream and the oxygen (20 per cent) is only 


moderately absorbable. An enormous amount of gas originates from the 
food stuffs during digestion in the upper part and from the possible 
bacterial decomposition of sugars in the lower part of the small intes- 
tine. Most of the gas coming from the food is absorbed by the blood 
stream and exhaled through the expired air. 

Zuntz and Tacke ** demonstrated that, under normal conditions, 
intestinal gas is eliminated mainly by way of the blood stream, only a 
very small portion being expelled. 

In intestinal obstruction the normal pathways of elimination are 
either partially or completely blocked. Not only is the mechanism of 
expulsion impaired but, as Ochsner and Granger '* point out, absorption 
into the blood stream is interfered with as well, for there is always 
some interference with the blood supply of the intestine, although it 
may be at times entirely intramural. This is due to the pressure pro- 
duced by the intestinal contents, the expulsion of which has _ been 
retarded by a mechanical or paralytic obstruction as the case may be. 

Coincident with the foregoing processes, there is an active diffusion 
of gas and secretion of fluid from the blood stream into the bowel 
lumen. Melver, Redfield and Benedict ** and Melver, Benedict and 
Cline ** explained that in meteorism gas is diffused from the blood into 
the intestine. Furthermore, Morton and Sullivan *” showed experi- 
mentally that the secretion of fluid into the bowel is greatly increased 
as the duration of the obstruction increases. Muller “° observed experi- 
mentally a marked increase in the secretion of fluid into the intestine 
in paralytic ileus. 

Thus, to summarize, it can be stated that with the stagnation of 
the normal intestinal content and its decomposition, with the impairment 
of absorption and with the increase in the secretory power of the intes- 
tine, there is produced the gas-distended bowel containing fluid proximal 
to the point of obstruction. 


26. Zuntz and Tacke: Deutsche med. Wcehnschr. 10:717, 1884. 

27. McIver, M. H.; Redfield, N. C., and Benedict, E. B.: Am. J. Physiol 
76:92, 1926. 

28. McIver, M. H.; Benedict, E. B., and Cline, J. W.: Post-Operative Gaseous 
Distention of Intestine, Arch. Surg. 13:588 (Sept.) 1926. 

29. Morton, J. J.. and Sullivan, W. C.: A Comparison Between Simultaneous 
Equalized Closed Obstruction of the Duodenum and the Ileum, Arch. Surg. 21:531 
(Sept.) 1930. 


30. Muller, E. F.: Ueber den paralytischen Ileus, Mitt. a. d. Grenzgeb. d. Med 
u. Chir. 41:417, 1929. 
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EXPERIMENTAL WORK 

[-xperimental ileus was produced in thirteen dogs by procedures 
similar to those used by Wangensteen and Lynch.’ In nine of the 
experiments, obstruction was produced mechanically and in four paralytic 
ileus was produced. All animals were operated on under ether narcosis 
and strictly sterile technic. In the first two of the mechanically 
obstructed group, the small intestine was occluded in two stages; the 
abdomen was opened, a strand of umbilical tape was loosely placed 
around the intestine close to the ileocecal junction and the ends brought 
out through a stab wound, the obstruction being completed forty-eight 
hours later without anesthesia by tying the ends taut over a button. In 
experiments 6, 9 and 10, the intestine was severed and the divided ends 
were inverted, while in the remaining four the intestine was ligated with 
umbilical tape at the desired level. In six animals the obstruction was 
established close to the ileocecal junction, and in three approximately 
midway between the ligament of Treitz and the cecum. 

Paralytic ileus was successfully produced in four animals by the 
following procedure: The lower half of the small intestine was painted 
with tincture of iodine, the appendix was ligated at its base and its blood 
supply severed, after which it was opened in its entire length and its 
contents spread diffusely throughout the peritoneal cavity. The injec- 
tion of 20 ec. of a 2 per cent solution of iodine into the peritoneal cavity 
as described by Markowitz and Campbell *' was used in one animal 
without results. The intraperitoneal injection of 4 Gm. of fresh feces 
in 20 cc. of saline as used by Steinberg and Goldblaut ** was also 
unsuccessful. 

Postmortem examinations were done on all the animals after the 
desired series of roentgenograms were obtained. The presence of the 
mechanical obstruction was confirmed in all cases in which it was 
attempted. The procedure used to produce paralytic ileus caused diffuse 
ibrinopurulent peritonitis and moderate dilatation of the lower half of 
the small intestine. No dense adhesions were found which could cause 
a mechanical obstruction. 


rhe results given in table 2 indicate that the average time required 


for the production of gas shadows on the roentgen film following 


mechanical ileus was three and one-half hours for a low and three hours 
tor a high obstruction, and fluid levels were seen on an average of 
three and four hours later, respectively. The fact that fluid levels 


occurred at about the same time in both high and low obstruction was 


31. Markowitz, J., and Campbell, W. R.: The Relief of Experimental Ileus by 
Spinal Anesthesia, Am. J. Physiol. 81:101, 1929. 


32. Steinberg, B., and Goldblaut, H.: Peritonitis, Arch. Int. Med. 42:415 
Sept.) 1928. 
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at first puzzling. However, the fluid content was measured in several 


animals, and the amount necessary to form fluid levels was found 
be very small, an observation that agrees with that of Wangensteen 
and Lynch. Additional explanation is given by Morton and Sullivan, 
who show experimentally that a large amount of fluid is secreted in an 
isolated loop of the proximal small intestine, whereas in a similar loop 
in the distal portion of the small intestine a negligible amount is 
secreted, 

The experiments in which paralytic ileus was produced did not 


show such consistent results. (Gas was seen on the roentgen films on 


TABLE 2.—Experimental Data * 


Abdom Abdor 
inal inal 
Normal Measure Measure 
\bdom ment at Presence ment 
inal Time of of at Time 
Measure- Presence Appear Fluid of Fluid 
Point of ment, ofGas, ance of Levels, Levels, 
Type of Teus Obstruction Cm. Hrs. Gas,Cm. Hrs. Cm 
Mechanical... Lower ileum 
Mechanieal.. Lower ileum 
Mechanical.. Lower ileum 
Mechanical.. Lower ileum 
Mechanical... Lower ileum 
Mechanical. Lower ileum 
Paralytic.. wtta 
Mechanical.. Upper ileum 
Mechanical. Upper ileum 
Mechanical. Upper ileum 
Paralytic 
Paralytie 
Paralytie 


Fluid Levels 
Average number of hours after mechanical low obstruction. P 3 vA 6 
Average number of hours after mechanical high obstruction.. } 7 


Average number of hours after paralytic ileus.. : . >I 17% 


Further studies now in progress on the roentgen signs in vascular occlusion of the bows 
will be reported later. 


an average of five and one-fourth hours and fluid levels seventeen and 


one-fourth hours after the operation. Disregarding experiment 11, a 


more consistent average was found. Since the exact time of the onset 
of the ileus is not known, its relation to the appearance of gas shadows 
is problematic. 

TECHNIC 


In cases in which acute obstruction of the bowel is suspected, it is generally 
conceded that the administration of the opaque meal, even in small amounts, 1s 
inadvisable and is unnecessary since the shadows cast by the gas-filled loops of 
bowel and the presence of fluid levels give sufficient roentgen evidence for diagnosis 

The earliest writers suggest the supine and erect positions and more recent) 
the lateral and postero-anterior or anteroposterior recumbent positions have been 
introduced. The latter positions are used when the patient is too ill to sit erect 
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Our routine in cases in which obstruction is suspected has been, when possible, 

take projections in four positions: the supine, erect, and the anteroposterior or 
nostero-anterior with the patient recumbent on his left and right sides. Occasion- 
ally, however, if the film made in the supine position obviously shows no distended 
howel, the others are not taken. 

[he Potter-Bucky diaphragm is used when possible. In dealing with extremely 
| patients, it is necessary to employ the bedside unit with a minimum of distur- 


bance. A relatively high kilovoltage is necessary, with a milliamperage as high as 





| 
| 
| 





Fig. 1—Roentgenogram of the abdomen (dog) made in the erect position four 
and one-half hours after low mechanical obstruction was produced; gas distended 


ps of the bowel are shown. 


ssible to allow for the shortest possible exposure as the patient is generally in 


and has difficulty in cooperating. 


ROENTGEN DIAGNOSIS 


Chough the previous writers have emphasized the appearance of the 


“ladder effect” of the parallel loops of dilated intestine and the striated 


ppearance of the mucosal folds (the so-called valvulae coniventes ) 
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together with the fluid levels, few have called attention to the aid they 
give in determining the level of obstruction. 

The character of the shadow of the distended intestine, its locatio. 
on the film and the extent of the distended loops are the diagnostic 


criteria, which, when correlated with the history and physical findings, 


will determine the level of obstruction with a fair degree of accuracy 


in the majority of cases. 





Fig. 2.—Same case as in figure 1 at eight and one-half hours. Fluid levels are 


present. 


Realizing the importance of the characteristic shadows cast by the 
distended bowel, several fresh specimens of small intestine were studied 
after their removal within a few hours post mortem. They were dis- 
tended with air and then roentgenograms made. One of these speci 
mens is shown in figure 3, which includes the entire length of small 
intestine with the exception of the duodenum. It is interesting to note 
that the transition between the characteristic appearance of jejunum 
and ileum is fairly abrupt. The change is not so gradual that it cannot 
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Fig. 3—Fresh postmortem specimen of the entire small intestine (human), with 
the duodenum, distended with air. Note the rather abrupt change from the striated 
appearance of the jejunum to the smooth walled ileum. 





; 
& 
: 


SEQRER OH TAG aH YT 


Fig. 4—Roentgenogram of the abdomen made twenty-four hours after opera- 
tion, showing gas-filled loops of small intestine. No clinical distention was present. 
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be used as a point in determining the level of obstruction. The point 
of occlusion can usually be localized to one of four levels, namely: 
(1) jejunum, (2) upper portion of the ileum, (3) lower portion of the 
ileum and (4) large bowel. 

The distended loops of small bowel are usually seen in the upper 
left quadrant, or at least in the upper twe quadrants, when the obstruc- 
tion is high, the shadows appearing progressively lower down and to 


| 





Fig. 5 (case 55).—Roentgenogram of the abdomen made in the erect position, 
showing typical fluid levels. 


the right as the level lowers until the distention becomes general when 
a low obstruction exists. Further, with the point of occlusion in the 
large bowel, the added shadows of the dilated colon are seen proximal 
to the level and as a general rule at the periphery of the abdomen. 

It might be well to point out here that, as figure 3 shows, one may 


see the smooth-walled ileum casting a sort of pseudostriated appearance 


when coiled on its mesentery. Striae or septums appear, but they do 


not run clear across the lumen and are not as close together as those of 
the jejunum, approaching more the appearance of the haustral markings 
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{ the colon. A practical application of this is seen in figure + where the 
distended loops give this impression (postoperative film). 

Using the foregoing diagnostic criteria, the cases of ileus seen at 
the Presbyterian Hospital within the last three years have been reviewed 
to determine first of all whether our roentgen findings were of aid, and 
second, to see whether the level was or could have been localized with 
anv degree of accuracy from the roentgenographic evidence alone. 
Operative findings were correlated with the roentgen observations. 
lhe surgeon, in a few cases, could not localize the exact point of obstruc- 


tion, a notation of “dilated loops of jejunum or ileum” being made only. 
lable 3 gives an analysis of the fifty-five cases of ileus seen during the 


past three years at the Presbyterian Hospital in which the roentgen 





Fig. 6.—Same case as in figure 5 except that the patient was lying on the side. 


examination was used as a means of diagnosis. It will be noted that 
there is a striking absence of clinical distention in the majority of cases, 
although the roentgenographic signs were definite. Forty-nine per cent 
showed absolutely no clinical signs of distention, while 23.6 per cent 
showed but a mild distention. Only 9 per cent showed a characteristic 
marked distention. Only 40 per cent showed the typical continuous 
projectile vomiting, the remainder showing but a variable degree. The 
most frequent site of obstruction was in the lower portion of the ileum 
54.5 per cent). The next in frequency was the lower portion of the 
olon (18.1 per cent). The rest were high obstructions at variable 
locations (27.4 per cent). 

It would seem from the foregoing analysis that, as Wangensteen 
nd Lynch ** pointed out, the clinical signs of obstruction with the 


xception of pain, as stated in textbooks, are really “ante mortem” 
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signs, coming on definitely only when the patient is in the majority of 
cases moribund. ‘Watchful waiting” in cases in which obstruction is 
suspected has, in the interval of observation, all too frequently lost 
valuable time during which the patient’s resistance was gradually 
lowered, until, when the symptoms became definite, he was already to 
be considered a poor surgical risk. It is in this instance that the roent- 
gen examination can be of aid in doubtful cases, and those slow to show 
clinical symptoms. 








Fig. 7—Barium filled dilated small intestine in a case of incomplete obstruction 


nine hours after barium was administered orally. 


The films of the entire group of cases tabulated were reviewed 
without knowledge of the clinical findings except that the cases were 
those in which obstruction was suspected. On a close inspection of 
the films it was found that the level of obstruction could be located much 
more closely than the current report had ventured to state it, checking 
closely with the operative findings. 

In order to facilitate an early diagnosis, every puzzling case of 
acute condition of the abdomen deserves at least a flat abdominal film 
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made with the patient in the supine position. Particularly is this true 
if the patient gives a history of a previous abdominal operation. One 
of the following case histories illustrates this point (case 55, figs. 5 
and 6). The clinical findings were not definite since the patient had 
had some cramp-like pain but not of great severity, showed no disten- 
tion and had vomited but twice; yet the abdominal films showed marked 
distention and fluid levels. Not only is the film of value in ruling out 
bowel obstruction, but other conditions may be ruled out by this pro- 
cedure such as calcifying abdominal nodes or urinary calculi. If and 
when the flat film shows positive signs of distention, the other films 
can be taken as described elsewhere in the paper. 

















Fig. 8.—Roentgenograms of the abdomen made in the anteroposterior and lateral 
positions, showing typical “ladder” appearance and striated markings found in the 
upper portion of the small intestine, in a case of mechanical obstruction due to a 


postoperative adhesive band. The level of the obstruction was in the lower portion 
of the jejunum. 


It has been pointed out by Case ** that it is not unusual to find gas 
in variable amounts within the small intestine following abdominal 
operations. It was interesting to find it in such a large number of 
instances and to such a great degree in several cases picked at random 
from the surgical service at the Presbyterian Hospital. In ten such 


cases (table 4+) there was a certain degree of distention in all except one, 





33. Case (footnote 8, second reference). 











SWENSON-HIBBARD—INTESTINAL OBSTRUCTION 593 


in spite of the fact that none showed an alarming postoperative course. 
These results lead to the conclusion that postoperative ileus of surgical 
importance must be diagnosed with the utmost care. The condition 
noted on these films must be considered a definite paralytic ileus ; how- 
ever, not until subsequent films have demonstrated increasing disten- 
tion and fluid levels does the picture become one of importance, and 
not until then should anything but conservative treatment be contem- 
plated. 

The differentiation between a purely mechanical and paralytic type 
of ileus is difficult when roentgen signs only are considered since they 


TABLE 4.—Analysis of Ten Cases 


No. of Hours 
Following 
Operation 


Extent of at Which 
Manipulation X-Rays Were 
Case Operation of Intestine Taken X-Ray Interpretation 
Appendectomy Very little °0 Many loops of mildly distended 
ileum 
it Splenectomy None 24 Slightly distended lower ileum 


7 Appendectomy Very little 26 Moderately distended loops of ileum 
and jejunum 

s Appendectomy Lower small 22 Moderately distended ileum and 

intestine jejunum 

moderately 

manipulated 


Drainage of appen Very little 20 Slightly distended lower ileum 
dical abscess 
60 Cholecystectomy Very little 22 No distended loops of small 
(if any) intestine 
61 Appendectomy anima uuer Is Mildly distended loops of ileum 
and jejunum 
2 Appendectomy Lower ileum eal) Mildly distended loops of ileum 
moderately and jejunum 
manipulated 
6: Appendectomy Very little 28 Mildly distended loops of ileum 
with drainage and jejunum 
b4 Repair of ventral Intestine 28 Mildly distended loops of ileum 
hernia moderately and jejunum 


manipulated 


both give the same picture on the roentgen film in the majority of cases. 
However, one suggestive sign is sometimes available when the paralytic 
ileus follows peritonitis. In this case the walls between the dilated loops 
are sometimes seen to be thickened due to the exudate over the surface 
of the intestine. 

Mention has been made of the hazard of using a barium sulphate 
suspension by mouth as a contrast medium in acute cases. However, 
its recognized value in partial obstructions in the small bowel of long 
standing is not to be deprecated. Cases of this type are often picked 
up in the routine gastro-intestinal examination. Such a case is shown 
in figure 7 where there is a moderate degree of dilatation and disturbance 


of motility of the bowel due to a partial obstruction following a 
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malignant condition of the large bowel, the film being taken nine hours 


after the administration of the barium sulphate meal. This type of case 


does not show fluid levels in the small bowel unless the obstruction 
becomes complete. This was the exact course of events in this case (24), 

\ barium sulphate enema may be used in certain cases in which the 
differentiation of a dilated small intestinal loop from that of the shadow 


of the large bowel is difficult. Barium outlining the colon will serve to 


Fig. 9—Roentgenogram of the abdomen made in the erect position, showing 
typical fluid levels. 


prove that the distention involves the small or the large intestine only 
as the case may be. 
REPORT OF CASES 


Case 40 (figs. 12 and 13).—A girl, aged 14, came to the Vanderbilt Clini 
complaining of abdominal pain of fifty hours’ duration. At the onset she noticed 
a dull, aching, midabdominal pain which later increased in severity and localized 
in the right lower quadrant. She became nauseated and vomited two or three 
times during the day. The pain was more generally distributed on the second 
day, although it was greatest in the right lower quadrant. Physical examination 
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losed an extremely tender and rigid abdomen. 


\ diagnosis of acute appendi- 
tis with diffuse peritonitis was made. At operation the diagnosis was confirmed ; 
appendix was removed and the abdomen drained. The postoperative convales- 


e was slow, and on the nineteenth day the abdomen became quite distended, 


Same case as in figure 9, with the patient lying on the 








Same case as in figures 9 and 10, with the patient lying on the left 


the patient had colicky pain and vomited many times. The roentgen films at 
s time disclosed markedly dilated loops of small intestine containing 
id 


gas and 
levels. A jejunostomy was performed, the adhesions were freed and the 


ent did well thereafter, being discharged on the thirty-fourth day. 
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This case represents a mechanical ileus caused by adhesions develo, 
ing relatively soon following appendectomy with drainage. The roentge 
findings were quite characteristic within twenty-four hours following 
the onset. 


Case 44 (fig. 14).—A man, aged 61, entered Vanderbilt Clinic complaining of 
abdominal pain, distention and vomiting of three days’ duration. 


At the onset he 
noticed moderate pain 


in the lower portion of the abdomen which became mor 


severe during the day, gradually localizing in the right side. 


He vomited several 








Fig. 12 (case 40).—Roentgenogram of the abdomen made in the supine position, 


showing typical shadows of distended small intestine. 


times. The pain did not increase in severity during the second day, but he vomited 


much more frequently and a slight degree of abdominal distention was noticeabl 
On admission the pain was severe and diffuse; the patient vomited continuously 
and the abdominal distention was marked. Physical examination disclosed a full 
and tense abdomen with diffuse tenderness and rigidity, most marked in the right 
lower quadrant. The roentgenograms made in the supine and erect positions with 
the patient lying on his side presented evidence of markedly distended small intes 
tine. The distended loops were most prominent in the left upper and right lower 
quadrants, and numerous fluid levels were present. At operation an acutely inflamed 


perforated appendix, generalized peritonitis and marked distention of the small 
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testine were tound. The patient died following the development of a postoperative 
eumonila. 

This case represents a paralytic (adynamic) ileus following diffuse 

peritonitis, in which numerous fluid levels as well as gas-distended 


intestinal loops were observed on the roentgenograms. 


Case 55 (figs. 5 and 6).—A man, aged 21, entered Vanderbilt Clinic complain- 
ing of severe, intermittent pain in the lower portion of the abdomen of six hours’ 
duration, most marked in the left side. He had had an appendectomy with drainage 
five years previously. Four hours previous to the onset of the present attack he 
had eaten a large meal of corn muffins and hamburger sandwiches. He was nause- 
ated and had vomited twice previous to his admission. Physical examination 
revealed a rigid and extremely tender abdomen, which did not move with respira- 


tion. The roentgenograms presented evidence of numerous distended loops of 





Fig. 13—Same case as in figure 12, with the patient lying on the right side. 
Note the distended small intestine. 


jejunum, a few distended loops of ileum and multiple fluid levels. At operation the 
small intestine was seen to be obstructed in the first part of the ileum by a tough, 
fibrous band originating at the old operative scar. The intestine was markedly 
distended proximal to and collapsed distal to the obstruction. The patient had a 
stormy postoperative course with bronchopneumonia, but ultimately recovered and 
was discharged on the forty-ninth day. 


This case represents the earliest diagnosis in the series of mechani- 


cally obstructed cases. The symptoms were indefinite; the patient had 


vomited only twice previous to admission, and no abdominal distention 
Was present. The decision to operate was based to a great extent on 
the information obtained from the roentgenograms. 


CASE 4 (fig. 15)—A woman, aged 34, entered Vanderbilt Clinic complaining 


pain in the lower portion of the abdomen of two days’ duration. She had had 
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three attacks of moderately severe abdominal pain lasting from one to four days 
during the previous five months. At the onset the pain was severe and stead 
located in the lower portion of the abdomen, more marked on the left side but 














Fig. 14 (case 44).—Roentgenograms of the abdomen made in the erect and 
supine positions, disclosing typical shadows of the distended bowel and fluid levels. 








Roentgenogram of the abdomen made in the supine position, showing 


Fig. 15. 


gas-filled loops of the small intestine. 


with no tendency to radiate to the groin. She was nauseated and vomited severa 
times. During the second day the pain became intermittent with its greatest inten 
sity in the left lumbar region, the epigastrium and the right lower quadrant. She 


frequently passed small quantities of urine, associated with severe suprapubic pa 
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[he menses started on the second day, although the previous attacks had not been 
associated with menstruation. Physical examination disclosed moderate diffuse ten- 
derness with its greatest intensity in the right lower quadrant and no involuntary 
rigidity. Roentgen films in the supine position showed evidence of two or three 
distended loops of small intestine which were thought to be the lower portion of the 
jejunum or the upper portion of the ileum. 


At operation a greatly distended colon 
and alternately contracted and 


distended segments of small intestine were found. 


A twisted ovarian cyst which showed signs of early necrosis was found in the 


pelvis and was resected. The postoperative course was uneventful. 





Fig. 16 (case 18).—Roentgenogram of the abdomen made in the supine posi- 


tion, showing but three or four loops of distended small intestine. 


A very early 
manifestation of acute mechanical ileus, proved at operation. 


This is a case of reflex paralytic ileus caused by a twisted ovarian 


cyst in which no evidence of peritonitis was observed at operation. The 


roentgenograms presented evidence of gas-distended loops of small 
intestine. 


Case 18 (fig. 16).—A woman, aged 49, entered Vanderbilt Clinic complaining 


severe abdominal pain of eighteen hours’ duration. She had had an appendec- 


ny, excision of calcified mesenteric lymph nodes and liberation of omental adhe- 


ns without drainage six months previously. She felt very well following the 
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operation until about ten days previous to admission, at which time she had an attacl 
of pain in the lower portion of the abdomen, severe and cramplike, associated witl 
nausea and vomiting. The pain subsided in approximately twelve hours, following 
which she felt quite well again. The present attack was characterized by severe 
intermittent, nonradiating abdominal pain, more intense below and to the left of 
the umbilicus. During the second day, although the pain was of the same char 
acter, it had increased in severity, and the patient vomited frequently. No sugges 
tive urinary symptoms were present. Physical examination revealed an acutely ill 
patient with a slight fulness below the umbilicus, a mild rigidity of the left rectus 
muscle and a moderate diffuse abdominal tenderness, greatest in the left lower 
quadrant. The roentgen films of the abdomen in the supine position disclosed some 
gas-filled coils of jejunum in the midabdominal region. The level of obstruction, 
therefore, was thought to be near the jejuno-ileal junction. At operation the bowel 
was greatly dilated proximal to and contracted distal to a dense adhesive band 
which obstructed it in approximately the first foot or two of the ileum. The post- 
operative convalescence was uneventful, and the patient was discharged on the 
eighteenth day. 

This was a relatively early case of mechanical obstruction caused 
by an adhesive band following an appendectomy without drainage six 
months previously, in which the roentgen-ray findings were definitely) 
positive. 

SUMMARY 

Gaseous distention of the bowel which can be detected roentgeno- 
graphically was found, experimentally in dogs, to be present on an 
average of three and one-half hours following acute high mechanical 
obstruction. 

In low obstruction it was found to occur in approximately the same 
length of time, namely, three hours. 

Fluid levels were demonstrable, even though the intestine contained 
a small amount of fluid, in approximately from three to four hours after 
the appearance of gas. 

The time interval between the appearance of gas and fluid levels was 
found to be about the same in both high and low mechanical obstruction. 

Gas and fluid levels were produced in experimental paralytic ileus, 
the latter appearing at about the same interval following the recognition 
of gas as in the cases of mechanical obstruction. 

Roentgen findings are evident before clinical findings are definite. 

A new diagnostic point has been presented, namely, the relatively 
abrupt disappearance of the striae in the shadow of the distended 
jejunum as it approaches its junction with the ileum. This makes it 
possible to determine the level of obstruction much more closely than 
heretofore has been considered possible. 

The majority of abdomens after operation will show a certain degree 
of ileus, even though the clinical findings are not alarming. 

A barium sulphate meal is inadvisable if acute intestinal obstruction 
is suspected and is unnecessary for the diagnosis of this condition. 

















INJURIES OF THE THORAX 


SERIOUS PLEUROPULMONARY COMPLICATIONS FOLLOWING A 
FREE INTERVAL 


JEROME HEAD, M.D. 
Associate in Surgery, Northwestern University Medical School 


CHICAGO 


That in injuries of the head serious complications frequently appear 
following a free interval is generally known. I have not been able 
to find any references to this sequence in injuries of the thorax, and 
for that reason feel that it is advisable to report five instances that have 
come under my observation during the past eighteen months. 

In all, the injury was a simple blow on the thorax. In two there 
was a fracture of one rib, and in three no injury to the thoracic cage 
was demonstrated. In only one was the injury deemed important at the 
time it occurred, and in this case the patient was kept in bed because of 
repeated slight hemoptysis. In the two in which a rib was fractured, 
this was not discovered until after the onset of the late complication. 

In three cases, spontaneous pneumothorax with infection of the 
pleural cavity occurred at intervals of one, four and five weeks, respec- 
tively, after the injury. In the fourth case, simple empyema developed 
two weeks after the injury. In the fifth case, the symptoms of intra- 
pleural hemorrhage appeared six weeks after what had seemed to be a 
negligible injury. 

REPORT OF CASES 

Case 1 (Augustana Hospital).—Blow on the thorax; hemoptysis; spontaneous 
pyopneumothorax one week later. 

J. K., a messenger boy, 17 years old, while running across lots through the 
snow, tripped over a low wire fence and fell, striking the left side of the thorax on 
the ground. The wind was knocked out of him, and as he got up he coughed up 
some blood. Being an employee of the hospital, he walked into the building, where 
he was cared for by an intern, who strapped the left side of the chest and, because 
of the hemoptysis, put him to bed. The next morning he was seen by Dr. Anders 
Frick, who found no abnormal physical signs. A roentgenogram taken that day 
was similarly negative. Slight hemoptyses continued for several days, but these 
stopped, and at the end of a week the patient was told that he could go home the 


next day. That night while sitting up in bed, he had a sudden severe pain in the 
r 


ght side of the thorax; he became dyspneic, coughed severely and from that 
moment was desperately ill. Physical and roentgen examinations showed hydro- 
pneumothorax on the right side. Aspiration gave a blood-tinged serous fluid con- 
taining streptococci. The patient was treated first by aspiration, later by closed 
drainage and finally by rib resection. A roentgenogram taken after the removal 
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of the fluid showed an atelectasis of the right lower lobe. This cleared up as th 
lung reexpanded. The patient improved gradually under treatment and eventually 
made a complete recovery. 
Case 2 (Columbus Hospital) —Blow on the thorax with fracture of rib; devel- 
opment of spontaneous pyopneumothorax five weeks after the injury; infection of 
the fractured rib. 
Mr. J. W., a structural steel worker, 52 years old, fell several stories, lighting 
on some girders. He was considerably bruised, but the only apparent serious injury 
was a fracture of both bones of the lower portion of the right leg. Five weeks 
afterward, during which time he was in the hospital and had neither fever nor 
thoracic symptoms, he suddenly developed a severe pain in the lower right side of 
the thorax. A roentgenogram taken the next day, at which time the temperature 
was 102 F., showed fluid in the right lower pleural cavity. The patient was in a 
recumbent position when the film was exposed and air, if it was present, was not 
demonstrated. The day after the onset of pain, he began raising increasing amounts 
of foul purulent sputum and continued raising as much as 23 ounces a day until 
I first saw him. Roentgenograms taken in the interim showed pyopneumothorax 
with multiple fluid levels. Aspiration gave foul smelling pus similar to that which 
the patient was raising. This contained among mixed organisms many fusiform 
bacilli and spirochetes. Following rib resection, the cough stopped immediately 
and the patient’s condition rapidly improved. He continued to have a slight fever, 
and after several weeks an area of deep fluctuation appeared in the soft tissues of 
his lower right side of the thorax. Exploration of this area led to the eighth rib 
in the midaxillary line. The rib, which was the focus of an abscess containing 
about 100 cc. of pus, was broken sharply across, and the ends of the ununited 
fragments were extensively infected. The infected rib was resected, and the wound 
was packed. Following this operation, the patient became afebrile and eventually 
made a complete recovery. 
Case 3 (Cook County Hospital) —Blow on the thorax; development of sponta- 
neous pyopneumothorax three and a half weeks after the injury. 
Mr. A. M., a machinist, 32 years old, fell from a chair, striking the lower right 
side of the thorax on a window ledge and his forehead on the floor. A laceration 
at this latter site seemed the most serious injury. His chest was sore for three 
or four days but not sufficiently so to keep from his work. About two weeks later 
he again noticed slight pain and soreness in this location in his thorax. This 
continued for about a week, and then one morning as he was getting out of bed, 
a sudden severe pain developed in that area, so severe that the patient lay back on 
the bed and was unable to rise. From that moment he was acutely ill. He entered 
the Cook County Hospital the next day. His temperature was 102 F., pulse rate 
110 and respiration 30. Physical examination showed signs of fluid at the base of 
the right lung, and this was verified by the roentgenogram. His fever varied 
between 101 and 104 F. and was septic in type. For three weeks after his entrance 
to the hospital his cough was nonproductive, but then it gradually increased in 
severity and he began raising large amounts of foul purulent sputum. I first saw 
him three days after this. Physical examination gave the signs of fluid and air in 
the right pleural cavity. Aspiration below the angle of the scapula gave foul 
smelling air. Rib resection performed the same day showed an extensive pyo- 
pneumothorax. The pus was thin, brownish and foul, and contained fusiforn 
bacilli and spirochetes. The cough stopped immediately after the operation, and 
one week later, at the time this was written, the patient was convalescing 
satistactorily. 
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Case 4 (Augustana Hospital).—I/nyury to the thorax; fracture of one rib; 
velopment of empyema two weeks after the injury. 

Mr. M. A., a laborer, 38 years old, received an injury to the lower right side 

the thorax while wrestling. The pain was severe enough so that the same day 

consulted a physician who strapped his side. He continued up and about and 
felt well save for the pain in his side. Two weeks later, fever, weakness and 

sweats developed. The patient was seen by his family physician, who made a 

diagnosis of empyema of the right pleural cavity. He was sent to the hospital 

where the diagnosis was verified by the roentgenogram. The empyema was drained 

without resection of a rib, and he made an uneventful convalescence save that a 

draining sinus persisted. Roentgenograms taken several months later showed that 

the empyema cavity was obliterated, but that there was osteomyelitis of the right 
fourth rib in the midclavicular line at the site of an old fracture. 

Case 5 (Springbrook Sanatorium).—Blow on the thorax; development of 
symptoms of severe hemothorax six weeks later. 

D. B., a youth, 18 years old, suffered a severe blow on the lower right side of 
the thorax in an automobile accident in August, 1930. The wind was knocked out 
of him for a few minutes, but shortly he was all right and able to continue his 
activities. He continued his work and had no complaint until seme time in Octo- 
ber, when he developed a cough and began to feel bad. He went to bed for a few 
days, but then got up and continued his work. At this time he was running a 
slight fever, but he disregarded it and continued up and about until the last part 
of November, when he consulted a physician, who made a diagnosis of pleural 
effusion. His chest was tapped, and a few cubic centimeters of bloody fluid was 
obtained. About the first of December he entered the Springbrook Sanatorium. 
Physical examination showed signs of fluid in the right pleural cavity, and his 
heart was displaced far to the left. His fever was high, and pulse and respirations 
rapid. Attempts to aspirate gave only a few cubic centimeters of bloody fluid. 
Operation for evacuation of clotted blood was advised and refused. The patient 
failed gradually, and died on Jan. 24, 1931. At autopsy, the right pleural cavity 
was found practically filled with a large firm mass which at first sight appeared 
to be a tumor. It was only when it had been removed and cut open that it was 
recognized as a mass of partially organized blood clots. Search for a fractured 
rib failed to show one. 


COM MENT 


In the first three cases the sudden onset of intense pain and the 
almost immediate appearance of severe pyopneumothorax suggests 
strongly that a focus of infection in the lung ruptured into the pleural 
cavity. In each case the symptoms and signs of severe sepsis ensued 
within twelve hours. The fact that in two of them the infecting 
organisms were fusiform bacilli and spirochetes further suggests that 
the infection came from the air passages to which these organisms, 
normal inhabitants of the mouth and pharynx, have ready access. It 
is well known also that in man the finer air passages normally harbor 
hacteria. 

These facts make it seem probable that in these cases the blow 

used a contusion or laceration of the lung. It is well known that this 
can occur with or without fracture of the ribs and that such an area 
injured ‘lung is frequently the site of a lobular pneumonia, the local 
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necrosis and hemorrhage producing favorable conditions for the growt 

of the bacteria normally present. If the area of injured lung were sm: 

and the infection limited to it, one can readily understand how it would 
not produce symptoms until necrosis or dissolution of the clot had pe: 
mitted a rupture into the free pleural cavity. 

In the two cases in which there was osteomyelitis of a fractured rib), 
it is probable that infection here was secondary to that of the pleural 
cavity. Hematogenous infection in a fracture is extremely rare, and 
especially so with the organisms found in these cases. 

In the first case there is another possible explanation. In this there 
was a massive atelectasis of the lower lobe on the affected side. This 
was caused either by aspiration of gum which the patient had in his 
mouth at the time he fell or simply by the blow on his thorax. 
Bradford called attention to the high incidence of atelectasis secondary 
to blows on the thorax among the wounded in the World War. What- 
ever the cause of the atelectasis, it is conceivable that the atelectasis 
caused the rupture of the lung. As the atelectatic lung contracts, that 
adjacent to it expands. Raynaud found that in dogs this force of 
expansion was frequently sufficient to rupture the lung. I know of no 
instance in which this has been reported as occurring in man, but have 
see recently a case of foreign body atelectasis complicated first by 
pneumothorax and later by pyopneumothorax. In this case, as in most 
cases of nontuberculous pyopneumothorax, the infecting organisms were 
fusiform bacilli and spirochetes. 

In the fourth case there was no communication between the empyema 
cavity and the lung. This was probably an instance of late infection of 
a pleural hematoma or an instance in which the lung infection extended 
to the pleural cavity, as in ordinary pneumonias, without necrosis and 
rupture of the lung. Whether or not the latter occur must certainl) 
depend on the nature and extent of the lung injury and on the type of 
infecting organisms. Fusiform bacilli and spirochetes favor necrosis. 

In the fifth case it is difficult to say what precisely was the sequence 
of events. The bleeding may have immediately followed the injury and 
failed to give severe symptoms until the clot formed and_ infection 
developed. It 1s conceivable that a vessel was injured but not broken 
at the time of injury and that rupture of an aneurysm occurred weeks 
later. Bleeding started at the time of injury may have been slow and 
recurrent. 

SUMMARY 

Five cases are reported in which a free interval intervened between 
a blow on the thorax and the development of serious pleural or pleuro- 
pulmonary complications. In three instances the complication was spon- 
taneous pyopneumothorax, in one simple empyema and in one profuse 
hemorrhage into the pleural cavity. 
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CONGENITAL DEFORMITIES 

Congenital Torticollis—Bargellini* presented reports of three cases 
of congenital torticollis in which operation was performed when the 
patients were 35 days, 1% months and 4 months of age, respectively. 
lwo of the infants were delivered by podalic version and the third by 
an anomalous presentation, not specified. Abnormal inclination of the 
head and a tumor in the sternal head of the sternocleidomastoid muscle 
were noted by the mothers. At the time of operation definite facial 
asymmetry was seen by the author. A globular dusky mass was removed 
from the sternal head of the muscle, and both the sternal and clavicular 
attachments were severed; likewise the platysma and the deep cervical 
fascia. No anesthesia was used. Microscopic sections of specimens 
showed similar changes: intramuscular fibrosis, atypical growth in size 
and direction of muscular fasciculi and no evidence of hemorrhage. 
ostoperative therapy consisted of the weekly reapplication of a collar 
tvpe not specified) for two months. Complete recoveries with dis- 
appearance of facial asymmetry were reported. The author concluded 


lhis Report of Progress is based on a review of 217 articles selected from 326 
irticles appearing in medical literature approximately between Dec. 5, 1931, and 
\pril 2, 1932. 


stracting, 


Only articles which seemed to represent progress were selected for 


1. Bargellini, D Chir. d. org. di movimento 16:415 (Oct.) 1931. 
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that the lesions were hereditary or intra-uterine in origin since lesions 
were found in infants delivered by cesarean section; extensive facial 
asymmetry was noted on early postnatal examination ; there was absence 
of hemorrhage in the specimens, and a fairly long-existing cicatrix 
formation was observed. The reasons in favor of early operative inter- 
vention were: There was absence of danger; the deformity was cor- 
rected; preventive intervention was nearly always ineffective ; increase 
in craniofacial asymmetry and scoliosis were prevented, and prolonged 
therapy was not required. 

| Ep. Nore.—While there are many arguments in favor of the pre- 
natal presence of muscular torticollis in cases with fibromas, there are 
also numerous instances in which difficult and rather violent deliveries 
have been accompanied by definite hematomas of the sternocleidomastoid 
muscles. Overlying cutaneous ecchymoses have been noted. | 

Congenital Dislocation of the Hip.—Galland? stressed numerous 
points in the postreduction care of congenital dislocation of the hip, 
which he considered essential if good results were to be obtained. The 
whole article should be read as it could not be readily summarized. 
It gave an excellent review of postoperative treatment. 

Anomalies of the Tarsal Scaphoid.—Schroder * reported the finding 
of an os supranaviculare pedis, an accessory bond between the superior 
edge of the scaphoid and the astragalus. Its origin was apparently 
explained by the fact that normally the scaphoid arose from two nuclei, 
one dorsal and the other plantar, which fused early. Failure to com- 
plete fusion might leave an accessory. bone, to the presence of which 
pain might ultimately direct attention. The author found no evidence 
that these accessory bones were the remains of Kohler’s disease. The 
one histologic examination (performed by Muller) recorded in the litera- 
ture was negative. Anomalies of the tarsal scaphoid bone were rare. 

| Ep. Nore.—Attention should be called to the importance of tarsal 
anomalies in compensation litigation. A case of the foregoing syndrome 
was recently seen in a toe-dancer by one of the authors. The question 
of a fracture, a calcific deposit or a congenital anomaly was raised. 
A roentgenogram of the other foot might help. | 

Spina Bifida Occulta—A case of spina bifida occulta of the fifth 
lumbar vertebra with symptoms of gradually increasing pain in the 
lower part of the back for two years was reported by Estor and Estor.* 
Conservative measures failed to give relief and the fifth lumbar vertebra 
was exposed by operation. An absence of the spinous process and a 
failure of the laminae to fuse were found. This confirmed previous 

2. Galland, W. I.: Surg., Gynec. & Obst. 54:88 (Jan.) 1932. 

3. Schréder, F.: Deutsche Ztschr. f. Chir. 233: 306, 1931. 

4. Estor, E., and Estor, D.: Rev. d’orthop. 18:664 (Nov.) 1931. 
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roentgen findings. The stump of the lamina on one side was found to 
dip inward and impinge on the cord. Laminectomy was performed with 
complete relief of symptoms. 

|Ep. Nore.—The finding of connective tissue bands, lipomas and 
other pressure-making complications of spina bifida occulta is more 
extensively reported in Europe than in this country. Abroad also 
more stress is laid on the spina bifida occulta as a cause of clubfoot, 
contracted tendo achilles and other deformities. Whatever the role 
spina bifida may play in causing symptoms the foregoing case should 
be a warning to surgeons to ascertain carefully the anatomy when 
exploring such regions. To a less careful observer a lumbosacral 
fusion might have seemed a logical procedure and yet in this case it 
would certainly not have given relief. | 


DISTURBANCES OF GROWTH 


Longitudinal Growth of Bone.—Basing his conclusions on a com- 
pilation of the literature of the endocrine glands, Bergmann ° reported 
that longitudinal growth occurred in jumps; the two main periods were 
the first few years of life and the period of puberty. During the 
remaining years growth was slower and more regular. Presumably 
the thymus was responsible for the first stage and the hypophysis and 
thyroid for the second. Loss of the thymus, thyroids or hypophysis 
caused marked dwarfism. Castration caused increase in length. Removal 
of the parathyroids seems to have no effect on length of growth. The 
author stated that the Heuter-Volkmann teaching that pressure hindered 
growth and release of pressure increased it was not to be accepted 
without reservation. A number of experimental studies were recounted 
in which the number of animals was rather small. It was found that 
inactivity (enforced) produced but slight retardation of growth in length. 
The articular ends, however, were poorly developed. In operatively 
produced dislocations of the hip and shoulder new joints were produced 
by nature. A slight overgrowth in length observed in these cases was 
referred to the operative trauma as a stimulus of growth. Severance 
of the sciatic nerve gave no demonstrable change in growth in length. 
\rthrodesis of the knee stimulated the limb to overgrowth, as did 
ligation of the femoral vein. Periarterial sympathectomy and lumbar 
ramisection produced no measurable increase in length. By inserting 
needles in the midpart of the shaft of the long bones of young animals, 
growth at the ends could be measured. The epiphyses nearest the knee 
and farthest from the elbow were most active in adding length to the 
extremities. The lower femoral epiphysis was the most active center. 


5. Bergmann, E.: Deutsche Ztschr. f. Chir. 233:149, 1931. 
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The two tibial epiphyses were about equally efficient. The forearm 
centers were three times as active as the elbow centers. Eleven tuber- 
culous patients were interviewed after a lapse of years. In childhood 
each had had recorded an increase in length of the limb as a result of 
the presence of the tuberculous focus. At reexamination in adult life 
only one had retained his full lengthening over his normal limb. In two 
it had dwindled to one-half its former value. In three the limbs were 
now equal. In five an actual shortening was now present. 

|Ep. Nore.—The important factor in disturbance of growth in 
tuberculosis would appear to be the age at which the lengthening of the 
limb was observed and how closely this approximated the closure of 
the epiphyses and the normal cessation of growth. | 


DISTURBANCES OF CALCIUM METABOLISM 

Role of Hyperparathyroidism in Skeletal Dystrophies—Welti' 
reviewed the literature dealing with the role of the parathyroid glands 
in diseases of the bony skeleton. He found three groups of diseases 
which has been considered at one time or another to be allied to para- 
thyroid disturbance: 1. The first group consisted of generalized osteitis 
fibrosa cystica (von Recklinghausen’s disease). Considering the fre- 
quency with which lesions of the parathyroids were found accompanying 
osteitis fibrosa cystica, it was logical to suppose that the disease was 
simply a manifestation of hyperparathyroidism. Certain apparent 
irrelevant findings could be accounted for by the presence of compli- 
cating factors. The cures following parathyroidectomy should not be 
confused with thé temporary remissions seen in the course of osteitis 
fibrosa cystica and surgical intervention in regard to the parathyroids 
should be insisted on as in the severe forms of the disease all other 
treatment was ineffective. 2. The second group consisted of osseous 
dystrophies. No satisfactory evidence was found to connect hyper- 
parathyroidism with either rickets, osteomalacia or Paget’s disease 


3. In the third group was ankylosing polyarthritis (spondylose rhyzo- 
mélique). Careful study showed that improvement seen in cases of 
spondylose rhyzomélique following parathyroidectomy could always be 
logically explained as due to other factors than the operations. No evi- 
dence was found to show that in any case of ankylosing arthritis there 


was also a true hyperparathyroidism, although some of the symptoms 
of this condition might occasionally be found. The conclusions drawn 
were that parathyroidectomy was indicated in cases of multiple osteitis 
fibrosa cystica in which the existence of hyperparathyroidism could be 
shown to accompany the bony changes. Its existence was shown by 
diminution in muscle tone, hyperexcitability of nerves and muscles to 


6. Welti, M. H.: J. de chir. 38:633 (Nov.) 1931. 
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electric stimulation, general discomfort in the bones themselves, eleva- 
tion in the blood calcium level and increased calcium elimination in the 
urine. Usually the hyperplasia of the parathyroids was not found until 
at operation, but occasionally a tumor could be palpated. Cystic disease 
alone without other signs of hyperparathyroidism was not sufficient 
indication for operation. Similarly, operation might be logically envis- 
aged in a case of spondylose rhizomélique if the case also presented the 
other signs and symptoms of hyperparathyroidism. 

Osteitis Fibrosa——In a careful review of the pertinent literature, 
Schupp‘ called attention to the necessity of not confusing the osteitis 
fibrosa of von Recklinghausen with the other obscure bone dystrophies 
which to date still constituted unsolved problems in respect to etiology. 
He reported two cases in point. The first was an unusual case of osteitis 
fibrosa cystica of von Recklinghausen in which a parathyroid tumor was 
demonstrated lying in the body of the thyroid gland. In this case 
marked cyst formation was not grossly apparent. Histologic study 
indicated that cysts had been present but had vanished as the result of 
spontaneous fracture. The first case thus was a proved case of hyper- 
parathyroidism. The second case grossly might have been declared to 
be in the same category. Marked osteoporosis, cyst formation (large 
marrow cysts with giant cells) and spontaneous fractures were present. 
Yet postmortem examination of the parathyroid glands which were 
submitted to Schmorl for check-up revealed no hyperplasia macro- 
scopically or microscopically. It was a case of marked senile osteo- 
porosis. The author emphasized that to date there is no known cause 
for Paget’s disease, and that histologic diagnosis of bone lesions on the 
basis of a single specimen was unreliable. 

| Ep. Note.—In view of the recent tendency to ascribe to the para- 
thyroid gland syndromes which to date have no demonstrable patho- 
logic association, namely, Paget’s disease, senile osteoporosis, arthritis 
deformans and osteomalacia—such a reminder is worth while. It is to 
he expected that enthusiasm should overshoot its mark. The wholesale 
application has come not from the original describers who have checked 
their clinical findings by critical chemical and pathologic data but from 
well intentioned but uncritical clinicians. | 

On the Mode of Action of Viosterol—Bauer, Marble and Claflin * 
studied the effect of viosterol on calcium, phosphorus and _ nitrogen 
metabolism in normal persons and in certain pathologic states. The 
effects briefly summarized were: 1. The effects of small doses of 


viosterol (from 5 to 20 mg. a day) when given to normal adults on 


7. Schupp, H.: Deutsche Ztschr. f. Chir. 253:195, 1931. 


8. Bauer, W.; Marble, A., and Claflin, D.: J. Clin. Investigation 11:1, 21 and 
7 (Jan.) 1932. 
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a diet either high or low in calcium were slight and not constant. 
2. Large doses (30 mg. a day) under the same conditions produced an 
immediate increase in fecal calcium and phosphorus accompanied by a 
decrease in the urinary calcium and phosphorus. Later this change was 
reversed with absorption of more calcium and phosphorus from the 
intestine than normal and with a corresponding increase in urinary 
excretion. The calcium and phosphorus balances were not affected. 
The serum calcium and phosphorus levels were slightly raised. No 
changes in nitrogen metabolism were noted. No ill effects from the 
administration were noted. 3. A case of osteoporosis and another of 
osteomalacia were both greatly improved by the use of viosterol in con- 
junction with a diet high in calcium. The authors considered both 
cases as diseases due to calcium deficiency, and concluded that viosterol 
aided in the absorption and utilization of calcium and phosphorus if 
adequate amounts were given in the diet. They were able to demon- 
strate that cats previously on a diet low in calcium showed better bone 
trabeculation and more rapid deposition of calcium and phosphorus 
when fed viosterol and a diet high in calcium than when the diet high 
in calcium alone was used. 

Aub and Farquharson ® studied the phosphorus and calcium metabo- 
lism in various metabolic and bone diseases and were able to detect no 
gross variation from the normal in any case. Metastatic carcinoma, 
myeloma, “‘focal osteitis fibrosa” (bone cysts), fragilitas ossium, osteo- 
sclerosis, osteochondritis deformans juvenilis (Legg’s disease), gout 
and chronic hepatitis with jaundice all gave negative results. 

THE SPINE 

Paraplegia Associated with Nontuberculous Kyphoscoliosis.—V iets 
and Clifford ?° reviewed the literature and reported an additional case of 
nontuberculous kyphoscoliosis associated with paraplegia. In their case 
there was poliomyelitis with a severe residual thoracic kyphoscoliosis 
which produced with gradual onset a typical complete spastic paraplegia. 


Partial subarachnoid block was demonstrated. Laminectomy was per- 


formed, the pressure on the cord was relieved, and the patient gradually 
recovered both sensory and motor power. They reviewed briefly 
the seventeen cases previously reported in medical literature. Five of the 
eight patients operated on were found to have an epidural fat pad at the 
site of the spinal angulation. Some of the patients treated conservatively 
by hyperextension improved or recovered, but surgical decompression 
was usually required. 

[Ep. Notre.—It is important to consider the possibility of syringo- 
myelia in cases of kyphoscoliosis associated with paraplegia. | 


9. Aub, J. C., and Farquharson, R. F.: J. Clin. Investigation 11:253 (Jan.) 
1932. 


10. Viets, H. R., and Clifford, M. H.: New England J. M. 206:55, 1931. 
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NEOPLASMS 


Homogeneous Enostoses.—Krauss “ found that 4 in 12,000 roentgeno- 
erams of the skeleton disclosed homogeneous enostoses. The work of 
Virchow, Cruveillefand and M. B. Schmidt had placed this condition on 
an anatomicopathologic basis. These enostoses were divided into two 
groups, homogeneous and spongy. The former were visible in the shaft 
of the bone as oval or circular sharply outlined, dense shadows without 
integral structure being visible. The latter were irregularly bounded and 
spotted. One obtained the impression that the former were the end- 
stages of localized inflammatory processes whereas the latter was new 
growths of bone. Treatment might consist of multiple drilling with a 
fine wire drill (Beck) or resection (Bennecke). Pain might attract 
attention to the lesion, and it was relieved by extirpation. 

Therapy of Chondromatous Exostoses of the Pelvis—Two cases of 
chondromatous exostoses of the pelvis were reported by Walzel ** in 
both of which cases the exostoses were resected. The first resection had 
been performed eight years before. In this case the pubis and ascending 
ramus of the ischium were removed. There was no hernia subsequently, 
but a diverticulum of the bladder became demonstrable eleven months 
after operation. In the second case the resection included the pubis from 
the symphysis to the acetabulum. Four weeks after operation the 
patient walked without discomfort. The author recommended radical 
excision in cases that had not responded to roentgen therapy. 


|Ep. Nore.—In the experience of the authors this type of tumor 
does not respond to roentgen treatment; therefore, it would seem that 
immediate excision of such new growths would be indicated. From the 
surgical standpoint the article is interesting in that it demonstrates that 
a large portion of the pelvis may be removed without serious disturbance 
of function. | 

Fibrocartilaginous Tumors of Bone—Over 500 tumors of the skel- 
eton were analyzed by Geschickter** and were divided into the fol- 
lowing three groups: (1) osteochondroma, benign exostoses, (2) 
chondromas and (3) chondromyxosarcomas, the latter being a form 
of osteogenic sarcoma containing cartilage. The clinical features, inci- 
dence, roentgenographic findings, pathology, histogenesis, etiology, treat- 
iment and prognosis were discussed in detail. In regard to the benign 
tumors of the first group, the author warned that their removal was 


usually accomplished in too careless a manner. Five per cent of them in 


ll. Krauss, F.: Zentralbl. f. Chir. 58:3132 (Dec. 12) 1931. 
12. Walzel, P.: Deutsche Ztschr. f. Chir. 233:327, 1931. 


13. Geschickter, C. F.: Fibrocartilaginous Tumors of the Bone, Arch. Surg. 
23:215 (Aug.) 1931. 
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this series recurred and in over 7 per cent a secondary malignant change 
arose. The latter high figure he believed due to more careful study 
than is usually given. Similarly, when dealing with tumors of the second 
group, there was a definite danger of transplantation of the tumor tissue 
in the wound with subsequent recurrence. When occurring in the small 
bones of the hand or foot (the os calcis excepted) they might be con- 
sidered benign and curable by thorough extirpation. True chondromas 
of large size occurring about the sternum, spine and long bones must be 
regarded as potentially malignant, however, and their surgical removal 
followed by radium therapy. In dealing with the primary chondro- 
sarcomas permanent cures were rare, and the disease even in spite of 
prompt amputation ran its course in about twenty months. The sec- 
ondary chondrosarcomas were less rapidly fatal and the author’s per- 
centage of actual cures was 24. 

The conclusions drawn were that the gradations in a single type of 
tissue differentiation met with in the three types of tumors implied a 
close relationship between the formation of the tumors and the general 
factors concerned in the growth and differentiation of body tissue. 
Apparently all these tumors had their origin in an early precartilaginous 
connective tissue and their degrees of malignancy were expressions of 
the rate and extent of differentiation in this tissue. When the rate of 
differentiation was slow and the extent of bone formation large, a benign 
tumor resulted. When it was rapid and adult cartilage and ossification 
was small, the tumor became malignant. In all the tumors the histogenic 
cycle was the same implying that the tissue of origin and not the etiologic 
agent was the important factor. Whether or not the rate and extent of 
differentiation that governs the degree of malignancy was predetermined 
in the tissue or whether it was dependent on the etiologic factor precipi- 
tating the growth, was not certain. It would seem, however, that the 
etiologic factor was of secondary and variable importance. Finally, 
the replacement “of connective tissue by cartilage, and of cartilage by 
bone, the order of which is adhered to in evolution in embryology and all 
the forms of benign and malignant tumors of the fibro-cartilaginous 
group, indicated an inherent and immutable sequence which prevailed in 
spite of the avowed lawlessness of tumor growth.” 


POLIOMYELITIS 


Kramer and Aycock “ studied a localized epidemic of poliomyelitis 
in the town of Bedford, Mass. Approximately fifty cases of mild dis- 
eases (headache, colds, fever and vomiting) occurred at the time of the 
epidemic among children attending school among the pupils of which 





14. Kramer, S. D., and Aycock, W. L.: Proc. Soc. Exper. Biol. & Med. 29:98 
(Oct.) 1931. 
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all the frank cases of poliomyelitis which occurred were studied. Five 
months later serums were taken from these children and compared with 
controls from the same town and from another town which had escaped 
the epidemic. Neutralization tests with poliomyelitis virus in vitro were 
identical in three groups. The authors concluded that “the widespread 
immunization of a population does not take place entirely at the time of 
an outbreak but rather in a more or less uniform manner throughout the 
year or in interepidemic periods.” This agreed with the European 
theory that immunity was due to a nonspecific physiologic and serologic 
change accompanying maturity. 


TUBERCULOSIS 

Specificity of Light Action in Experimental Tuberculosis —Luce- 
Clausen and Bayne-Jones * repeated, with certain minor variations, 
earlier experimental work of Phelps *** in 1930, and obtained diametri- 
cally opposite results. They found that guinea-pigs inoculated with a 
measured dose of tubercle bacilli and irradiated daily with the band of 
ultraviolet light (from 320 to 380 millimicrons) which Phelps claimed 
was specific, lived no longer than control animals kept in complete 
darkness. Infra-red radiation (from 720 to 1,120 millimicrons) used 
on a third group of animals, was apparently deleterious, as they did 
not live as long as the control group. Pathologically, the lesions of 
the three groups were identical in appearance. 

| Ep. Note.—There is as yet no uncontroverted evidence that any 
portion of the sun’s spectrum has any specific effect on tuberculosis. It 
is difficult to separate the effects of heliotherapy on tuberculosis of the 
hone and joint from those due to rest, immobilization, adequate orthopedic 
care and other general factors. | 


CHRONIC ARTHRITIS 


Statistical Study of Atrophic Arthritis —Smith,"* in a study of 102 
cases of atrophic arthritis, found the usual distribution in regard to sex. 
Most of the cases had had their onset in persons in the twenties or early 
thirties, and most of the patients were of the asthenic habitus. There 
were more persons of dark complexion than blonds. Occupations which 
involved exposure seemed to predispose. Blood and other laboratory 
studies showed no definite features, although they suggested usually a 
lowered general health. 


15. Luce-Clausen, E. M., and Bayne-Jones, S.: Am. Rev. Tuberc, 24:686 
(Dec.) 1931. 


15a. Phelps, W. M.: J. Bone & Joint Surg. 12:253 (April) 1930. 
16. Smith, M.: New England J. Med. 206:103 (Jan. 21) 1932. 
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Bacteriology of Blood in Chronic Arthritis —Bernhardt and Hench 
made eighty blood cultures from twenty patients with infectious 
arthritis. The method of Cecil, Nicholls and Stainsby was used carefully 
with negative results in each case. They summarized the literature on 
the subject. 

Mixed Forms of Arthritis —Of 1,459 cases of chronic arthritis tabu- 
lated by Archer ** and Cecil, 1 per cent showed evidence of both the 
proliferative and degenerative types. These mixed cases presented the 
typical lesions of each of the two types of disease except that prolifera- 
tive lesions seemed to be less virulent and progressive than when seen 
alone. Thus a proliferative and degenerative process, each an entirely 
different pathologic condition, might appear in the same patient. Either 
of these processes might be the original one and the other the super- 
imposed one. Therefore, while clinical and pathologic evidence tended 
to separate chronic arthritis into two main divisions there were border- 
line cases which embraced both types. 

Traumatic Arthritis —lKey *® enumerated the various types of chronic 
traumatic arthritis. Acute traumatic synovitis was not considered except 
incidentally in the discussion. Traumatic arthritis might follow: (1) a 
single severe injury to the articular cartilage, (2) repeated mild injuries, 
(3) disorganization of the joint mechanics and (4) bony deformity. 
Typical cases of each causative factor were discussed. Certain cases 
could be prevented. Medical treatment was of value only in that it 
affected the patient's general health and reparative powers. Physical 
therapy was of value and the greatest physical therapeutic aid was rest. 
Manipulation should be used with caution if at all. Surgical measures 
were indicated for correction of bad alinement (osteotomy), removal of 
foreign bodies, fusion (of certain joints only) and, in extreme cases, for 
arthroplasty. 

(To be Concluded) 


17. Bernhardt, H., and Hench, P. S.: Bacteriology of the Blood in Chronic 
Infectuous Arthritis, J. Infect. Dis. 49:489 (Dec.) 1931. 


18. Archer, B. H.: M. J. & Rec. 184:344 (Oct. 7) 1931. 
19. Key, J. A.: Arch. Phys. Therapy 12:550 (Sept.) 1931. 











